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(54) SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF 
(57)Abstract: 

PROBtEM TO BE SOLVED: To effectively prevent defective insulation 
at the end section of a conductive film by containing silicon and oxygen 
in a semiconductor device and forming the first and second insulating 
films which are brought into contact with the conductive film and an 
insulating film. 

SOLUTION: A silicon oxynitride film 2 formed on the surface of a 
substrate 1 as a gate insulating film and a polysilicon film 3 having low 
resistance as a gate electrode is formed, a resist pattern 4 for forming 
the gate electrode is formed and the gate electrode 3 is formed by 
patterning and heat treatment is conducted, and a surface is oxidized 
and an oxide film 5 is formed. Lastly, a dopant is introduced into a 
substrate surface by ion implantation through the use of the gate 
electrode 3 as a mask, and source/drain regions 6 are shaped self- 
alignedly by activating the dopant by a lamp annealing method. Thus, 
distances among the lower end section of the gate electrode and the 
source/drain regions are extended, the electric fields of the lower end 
section and the source/ drain regions are relaxed, and the breakdown 
resistance of an element is improved. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor substrate which has a principal plane. Said principal plane The semi- 
conductor substrate with which it had the 1st field and the 2nd field where a front face is lower than it, and said 
the 1st field and said 2nd field are connected, The 1st insulator layer which is formed on said 1st field and 
contains silicon, nitrogen, and oxygen, The semiconductor device characterized by coming to provide the electric 
conduction film which is formed on said 1st insulator layer and contains silicon, and the 2nd insulator layer which 
is formed on said 2nd field and contacts said electric conduction film and said 1st insulator layer including silicon 
and oxygen. 

[Claim 2] The manufacture approach of the semiconductor device characterized by to include the process which 
forms the insulator layer containing silicon and nitrogen on a semi-conductor substrate, the process which forms 
the processed film containing the silicon film on said insulator layer, the process which process said processed 
film so a part of said insulator layer is exposed, and the process which perform oxidation treatment using the 
oxidizing gas containing ozone or an oxygen radical to the semi-conductor structure acquired according to these 
processes. 

[Claim 3] The process which forms the insulator layer containing silicon and nitrogen on a semi-conductor 
substrate, The process which forms the processed film containing the silicon film on said insulator layer, and the 
process which processes said processed film so that said a part of insulator layer may be exposed, The process 
which performs oxidation treatment to the semi-conductor structure acquired according to these processes 
using the oxidizing gas containing ozone or an oxygen radical, The manufacture approach of the semiconductor 
device characterized by including the process which performs either [ at least ] nitriding treatment or additional 
oxidation treatment to said semi-conductor structure where said oxidation treatment was performed. 
[Claim 4] The process which forms the insulator layer containing a silicon nitride on the processed film 
containing the silicon film, The process which forms the pattern which processes said insulator layer using 
lithography and etching, and consists of said insulator layer, By the process which oxidizes said pattern in the 
ambient atmosphere containing an oxygen radical or ozone, and changes the exposure front face of said silicon 
nitride into silicon oxide, and removing said silicon oxide The manufacture approach of the semiconductor device 
characterized by including the process which makes said pattern detailed, and the process which processes said 
processed film and imprints said pattern made detailed on said processed film. 

[Claim 5] The manufacture approach of a semiconductor device given in claim 1 characterized by giving 
conductivity to said whole processed film after forming coincidence or said processed film, if said processed film 
is formed before processing said processed film, or after processing the processed film thru/or any 1 term of 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor device effective in especially detailed-izing of 
an MOS transistor, and its manufacture approach with respect to the semiconductor device containing the 
detailed semiconductor device below submicron one, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The source / drain field, and the gate electrode of an MOS transistor are 
electrically insulated with the gate dielectric film which intervenes among these. Since the lower limit section of 
a gate electrode is a sharp configuration, in the lower limit section of a gate electrode, electric field concentrate 
it. This electric-field concentration becomes the cause which invites the poor insulation between the source / 
drain field, and a gate electrode. 

[0003] Furthermore, the gate dielectric film near the lower limit section of a gate electrode receives a process 
damage by the ion implantation at the time of etching at the time of formation of a gate electrode, and formation 
of the source / drain field. The dielectric strength of gate dielectric film deteriorates by this process damage. 
Degradation of this dielectric strength promotes the above-mentioned poor insulation. 

[0004] These situations are seen also in the lower limit section of the floating-gate electrode of not only the 
lower limit section of the gate electrode of an MOS transistor but a flash plate memory cell. That is, through 
gate dielectric film, generally [ a semi-conductor substrate and the insulated-gate mold transistor which 
counters ] the gate electrode which has a sharp end shape sets, and is seen. 

[0005] The post-oxidation process is known as a conventional technique which solves this kind of poor 
insulation's problem. As shown in drawing 10 (a), after this process carries out sequential formation of silicon 
oxide 92 and the polish recon film 93 containing DOPANDO of low resistance and processes the polish recon 
film 93 into a predetermined pattern on a silicon substrate 91, as shown in drawing 10 (b), it oxidizes thermally in 
an oxygen (02) ambient atmosphere, and it forms the back oxide film 94. By forming the back oxide film 94, the 
lower limit section of the sharp configuration of the polish recon film 93 is round, and the electric field in this 
lower limit section ease. 

[0006] Furthermore, by BAZU beak oxidation which takes place in the case of the above-mentioned thermal 
oxidation, also when the distance of the lower limit section of the polish recon film 93 and a silicon substrate 91 
spreads, the electric field in the above-mentioned lower limit section become weaker. That is, even if between a 
substrate and the lower limit section spreads, the distribution of electric field itself does not change, but since 
the reinforcement of electric field becomes weak as the whole, the electric field in the lower limit section are 
eased. 

[0007] Since a process damage is recovered by post-oxidization which is additional oxidization and 
membraneous quality improves, dielectric strength of silicon oxide 92 which has received the process damage 
near the edge of the polish recon film 93 further again improves. 

[0008] The oxidization process after the above has the same operation also to over etching structure as shown 
in drawing 1 1 . The silicon oxide 92 under the polish recon film 93 which should be removed in the case of 
patterning of the polish recon film 93 is also removed, and drawing 1 1 shows the structure where the substrate 
front face under it was also etched further. 

[0009] If a post-oxidation process is used as stated above, it is possible to avoid the poor insulation resulting 
from the electric-field concentration in the lower limit section of the polish recon film 93. However, according to 
research of this invention persons, the conventional post-oxidation had the problem that gate dielectric film 
could not prevent poor insulation effectively in the case of a silicon acid nitride or a silicon nitride so that back 
way detailed explanation might be carried out. 

[0010] By the way, the plasma oxidation approach in the plasma ambient atmosphere which uses as a raw 
material the thermal oxidation approach, oxygen gas, or ozone gas which used a steam or oxygen (02) gas as an 
oxidizer as the conventional approach of changing a silicon nitride into silicon oxide is learned. 
[001 1] However, there are the following problems in these approaches. When using the thermal oxidation 
approach, the big heat budget of elevated-temperature long duration is needed, for example, LPCVD — when 
changing into silicon oxide with a thickness of 5nm the front face of the silicon nitride formed by law, even if it 
uses the steam oxidizing method oxidizing velocity is quick, 950 degrees C and the big heat budget of about 1 
hour are needed. 

[0012] If a heat budget is large, concentration pro FAIRU of a lifting and a dopant will change [ the dopant in a 
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silicon substrate ] thermal diffusion remarkably. Therefore, application in the process of a detailed device is 
difficult for the thermal oxidation approach. 

[0013] On the other hand, since a processed base is exposed to the plasma when using the plasma oxidation 
approach, a plasma damage will be given to gate dielectric film. Such a plasma damage causes the problem of 
degradation of the dependability of an insulator layer, and fluctuation of a device property. 
[0014] Hereafter, it is ** BE ** about a Prior art and its trouble concretely. 

[0015] Drawing 12 is the process sectional view showing the formation approach of the MOS transistor of the 
detailed size beyond the capacity of lithography. First, sequential formation of the silicon nitride 104 used as the 
mask (SiN pattern) used in case the GE 1 TO insulator layer 102, the polish recon film 103 used as a gate 
electrode, and the polish recon film 103 are etched on the silicon substrate 101 by which the dopant was 
introduced into the front face by ion-implantation, as shown in drawing 12 (a) is carried out. 
[0016] Next, as shown in drawing 12 (b), a resist is applied to the whole surface, the gate pattern which has the 
minimum width of face which can be attained with a lithography technique is imprinted to the above-mentioned 
resist, and a resist pattern 105 (direction shown with the broken line) is formed. Then, as shown in drawing 12 
(b) f the width of face of a resist pattern 105 is dwindled by oxidation treatment under the reduced pressure 
using radical oxygen. The resist pattern 105 which became narrow [ this width of face ] is shown in drawing as 
the continuous line. 

[0017] next, it is shown in drawing 12 (c) — as — a resist pattern 105 — a mask — carrying out — the silicon 
nitride 104 — RIE (Reactive Ion Etching) — it etches by law and a SiN pattern is formed. Then, a resist pattern 
105 is removed. 

[0018] Next, as shown in drawing 12 (d), the silicon nitride (SiN pattern) 104 which remained is used as a mask, 
the polish recon film 103 is etched by the RIE method, and the gate electrode of the detailed size beyond the 
capacity of lithography is formed. 

[0019] As shown in drawing 12 (d), after using the gate electrode (polish recon film) 103 as a mask and acting to 
a substrate front face as the ion notes people of the dopant finally, annealing for activating a dopant is 
performed, the source / drain field 106 is formed/and an MOS transistor is completed. 

[0020] By this conventional approach, when the thickness of the resist applied at the process of drawing 1 2 (b) 
usually forms the gate electrode 103 of 50nm width of face since about 500nm is required for example, the ASU 
** KUTO ratio of a resist pattern 105 becomes the high value 10. 

[0021] Therefore, the problem that become easy to produce dispersion in the configuration of a resist pattern 
105, and dispersion arises in the configuration of the gate electrode 103 as the result arises. The problem that a 
resist pattern 1 05 will furthermore fall also arises. 

[0022] Moreover, there is also a technique of dwindling the width of face of the SiN pattern film 104, instead of 
dwindling the width of face of a resist pattern 105. That is, after forming the SiN pattern 104 which has the 
minimum width of face which can be attained with a lithography technique, the method of dwindling the width of 
face of the SiN pattern 104 by oxidation treatment is learned. 

[0023] However, it is difficult only for a complement to dwindle the width of face of the SiN pattern 104. For 
example, even if it uses a steam oxidation style with a quick oxidation rate, 950 degrees C and the heat budget 
of 1 hours or more are needed for making it become thin width of face of 10nm of the SiN pattern 104. When 
oxidation treatment of such elevated-temperature quantity time amount was performed, there was a problem 
that the concentration profile of the DO 1 punt in a silicon substrate 101 changed remarkably. 
[0024] 

[Problem(s) to be Solved by the Invention] Although post-oxidation was known as a technique for easing the 
electric field in the lower limit section of a gate electrode like ****, there was a problem that gate dielectric film 
could not prevent poor insulation effectively in the case of a silicon acid nitride or a silicon nitride. 
[0025] The 1st purpose of this invention was made in consideration of the above-mentioned situation, and aims 
at offering the semiconductor device which can prevent effectively the poor insulation in the edge of this 
electric conduction film in the structure of coming to form the electric conduction film containing the silicon by 
which patterning was carried out on the insulator layer containing silicon and nitrogen, and its manufacture 
approach. 

[0026] Moreover, in order to form the pattern which consists of a silicon nitride beyond the capacity of 
lithography, changing a silicon nitride into silicon oxide is performed. However, the approach (a steam or 02 the 
plasma oxidation approach which uses the thermal oxidation approach, oxygen gas, or ozone gas using gas as an 
oxidizer as a raw material) of changing the conventional silicon nitride into silicon oxide had the problem that a 
big heat budget was needed or a component received a plasma damage. 
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[0027] The 2nd purpose of this invention is offering the manufacture approach of the semiconductor device 
which can form the pattern which was made in consideration of the above-mentioned situation, is a small heat 
budget, and consists of a silicon nitride beyond the capacity of lithography, without causing a plasma damage. 
[0028] 

[Means for Solving the Problem] In order to attain the 1st purpose of the above, the semiconductor device 
concernjng this invention It is the semi-conductor substrate which has a principal plane. Said principal plane The 
semi-conductor substrate with which it had the 1 st field and the 2nd field where a front face is lower than it, 
and said the 1st field and said 2nd field are connected, The 1st insulator layer which is formed on said 1st field 
and contains silicon, nitrogen, and oxygen, It is characterized by having the electric conduction film which is 
formed on said 1st insulator layer and contains silicon, and the 2nd insulator layer which is formed on said 2nd 
field and contacts said electric conduction film and said 1st insulator layer including silicon and oxygen. 
[0029] The example of the following (1) - (6) is given as a more concrete configuration of the semiconductor 
device concerning this invention. 

[0030] (1) The part which contacted said semi-conductor substrate among said 1st insulator layer has nitrogen 
concentration higher than the remaining part of said 1st insulator layer. 

[0031] (2) In the above (1), the nitrogen concentration of the part which contacted said semi-conductor 
substrate among said 1st insulator layer is two or more [ 5x1 01 3cm - ]. 

[0032] (3) The part which contacted said semi-conductor substrate and said electric conduction film among said 
2nd insulator layer has nitrogen concentration higher than the remaining part of said 2nd insulator layer. 
[0033] (4) The silicon oxide in which said 1st insulator layer contains nitrogen, and said electric conduction film 
are polish recon film containing a dopant. 

[0034] (5) In the above (4), said 1st insulator layer is gate dielectric film, and said electric conduction film is a 
gate electrode. 

[0035] (6) In the above (5), said 1st insulator layer is a tunnel gate insulator layer, and said electric conduction 
film is a floating-gate electrode. 

[0036] In order to attain the 1st purpose of the above, moreover, the manufacture approach of the 
semiconductor device concerning this invention The process which forms the insulator layer containing silicon 
and nitrogen on a semi-conductor substrate. The process which forms the processed film containing the silicon 
film on said insulator layer, and the process which processes said processed film so that said a part of insulator 
layer may be exposed, It is characterized by including the process which performs oxidation treatment using the 
oxidizing gas containing ozone or an oxygen radical to the semi-conductor structure acquired according to these 
processes. 

[0037] Moreover, the manufacture approach of other semiconductor devices concerning this invention The 
process which forms the insulator layer containing silicon and nitrogen on a semi-conductor substrate, The 
process which forms the processed film containing the silicon film on said insulator layer, and the process which 
processes said processed film so that said a part of insulator layer may be exposed, It is characterized by 
including the process which performs oxidation treatment using the oxidizing gas containing ozone or an oxygen 
radical, and the process which performs either [ at least ] nitriding treatment or additional oxidation treatment to 
said semi-conductor structure where said oxidation treatment was performed to the semi-conductor structure 
acquired according to these processes. 

[0038] The example of the following (1) - (3) is given as a more concrete configuration of the manufacture 

approach of the semiconductor device concerning these this inventions. 

[0039] (1) Said insulator layer is the silicon oxide or the silicon nitride containing nitrogen. 

[0040] (2) Said insulator layer is gate dielectric film, processes said processed film and forms a gate electrode. 

[0041] (3) The nitrogen concentration in an interface with said semi-conductor substrate of said insulator layer 

before performing said oxidation treatment forms said insulator layer so that it may become two or more 

[5x1013cm-]. 

[0042] this invention persons found out that oxidation would advance and thickness would increase the insulator 
layer which contains nitrogen and silicon as a result of research while the nitrogen in an insulator layer ****s if 
it oxidizes in the ambient atmosphere containing ozone or an oxygen radical. 

[0043] An example of an experimental result is shown in drawing 13 and drawing 1 4 . The sample used in this 
experiment is the following, and was made and created. After forming the thermal oxidation film (silicon oxide) 
with a thickness of 7nm on the surface of a silicon wafer, the above-mentioned thermal oxidation film was 
nitrided in the 950-degree C ammonia ambient atmosphere, and the insulator layer (silicon acid nitride) which 
introduced nitrogen into the above-mentioned thermal oxidation film was formed. 
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[0044] Next, two kinds of oxidation experiments were conducted using the above-mentioned sample. The above- 
mentioned sample is introduced in a vertical mold batch type oxidization furnace, and one introduces oxygen gas 
in a vertical mold batch type oxidization furnace after that, and it performs oxidation treatment to the above- 
mentioned sample. This oxidation treatment was performed on condition that 13kPa for 900 degrees C and 30 
minutes. The above-mentioned sample is introduced in a vertical mold batch type oxidization furnace, and others 
introduce the mixed gas (ozone 5%) of ozone and oxygen in a vertical mold batch type oxidization furnace after 
that, and perform oxidation treatment to the above-mentioned sample. This oxidation treatment was performed 
on 130Pa conditions for 900 degrees C and 30 minutes. 

[0045] About each of a sample to which these oxidation treatments were performed, the concentration profile of 
the nitrogen in a silicon acid nitride and oxygen was investigated and compared by SIMS analysis (after the 
above-mentioned oxidation treatment, SIMS analysis was performed, after forming the polish recon film with a 
thickness of 10nm on the silicon acid nitride.). 

The analysis result of SIMS when drawing 13 performs oxidation treatment with oxygen gas, and drawing 14 
show the analysis result of SIMS at the time of performing oxidation treatment by the mixed gas of ozone and 
oxygen. 

[0046] These drawings show that the nitrogen by the side of the front face in a silicon acid nitride is easily 
desorbed from oxidation treatment using ozone compared with oxidation treatment which does not use ozone, 
and the increment in thickness of the silicon acid nitride by advance of oxidation becomes remarkable. 
[0047] When nitrous oxide (N2 O) or a nitrogen monoxide (NO) is used and nitrogen is introduced into silicon 
oxide instead of ammonia, the nitrogen concentration in silicon oxide becomes high in an interface part with a 
silicon substrate. Even in this case, by oxidizing in the ambient atmosphere containing ozone showed that the fall 
of the nitrogen concentration by the side of the substrate in a silicon acid nitride became remarkable, and the 
increment in thickness by advance of oxidation became remarkable. 

[0048] Moreover, even when the sample in which the silicon nitride was formed on the surface of the silicon 
wafer is used instead of a silicon acid nitride, the desorption of the front-face side nitrogen in a silicon nitride 
becomes remarkable by oxidizing in the ambient atmosphere containing ozone. Consequently, oxidation reaction 
in the front face of a silicon nitride advances, and the front face of a silicon nitride is changed into silicon oxide. 
[0049] As for the nitrogen desorption phenomenon in the silicon acid nitride by this oxidation style from this 
experimental result, it became clear that presentation ratio [ of the nitrogen in the film ] [N]/([0] + [N]) happens 
in 100% or less of range more highly than 0%. 

[0050] Furthermore, happening similarly was confirmed even when the above phenomenon oxidized in the 
ambient atmosphere containing an oxygen radical instead of ozone. 

[0051] The oxygen radical could make it generate in an oxidation furnace like a plasma oxidation method, and 
what introduced the thing which made it generate in the exterior of an oxidation furnace like a remote plasma 
oxidation method in the oxidation furnace is sufficient as it, or it could make it generate on a sample front face 
here. As an approach of generating oxygen on a sample front face, oxygen gas and hydrogen gas are introduced 
in an oxidation furnace, it is heating a sample front face and there is a method of making oxygen gas dissociate 
on a sample front face, and generating an oxygen radical, for example. 

[0052] It is said that the main oxidization kinds in an ozonate process are oxygen radicals which ozone 
dissociates and generates. For this reason, it is thought that the same phenomenon occurred with ozonate and 
oxygen radical oxygen. 

[0053] therefore, oxidation fully progresses at the edge of this electric-conduction film in the structure where of 
the electric-conduction film containing the silicon by which patterning was carried out was formed on the 
insulator layer containing silicon and nitrogen, and effective in electric-field relaxation, if it oxidizes in the 
ambient atmosphere containing the ozone or the oxygen radical which does so the operation effectiveness which 
was mentioned above like this invention — since it is round and a configuration can form, poor insulation can 
prevent effectively. 

[0054] Moreover, oxidation progresses quickly rather than the substrate front face (the 1st field) under the 
insulator layer of the part with which the substrate front face under the insulator layer of the part which is not 
covered by the electric conduction film (the 2nd field) was covered by the electric conduction film. Therefore, 
the 2nd field becomes lower than the 1 st field. 

[0055] In order to attain the 2nd purpose of the above, moreover, the manufacture approach of the 
semiconductor device concerning this invention The process which forms the insulator layer containing a silicon 
nitride on the processed film containing the silicon film, The process which forms the pattern which processes 
said insulator layer using lithography and etching, and consists of said insulator layer, By the process which 
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oxidizes said pattern in the ambient atmosphere containing an oxygen radical or ozone, and changes the 
exposure front face of said silicon nitride into silicon oxide, and removing said silicon oxide The process which 
makes said pattern detailed, and the process which imprints said pattern made detailed on said processed film, 
and processes said processed film are included. 

[0056] The example of the following (1) - (3) is given as a more concrete configuration of the manufacture 
approach of the semiconductor device concerning this invention. 

[0057] (1) In the process which forms said pattern, etch said insulator layer so that the front face of said 
processed film may not be exposed. By removing said silicon oxide after the process which changes the 
exposure front face of said silicon nitride into silicon oxide, and removing the thin part of thickness among said 
insulator layers which constitute said 1st pattern further Said pattern is imprinted on said processed film by 
forming said pattern made detailed, using as a mask said pattern made detailed, and etching said processed film. 
[0058] (2) Said silicon oxide is further formed in the bottom of said silicon nitride for said insulator layer, 
including silicon oxide. 

[0059] (3) Said processed film serves as a gate electrode. 

[0060] According to research of this invention persons, in the ambient atmosphere containing an oxygen radical 
or ozone, when oxidation treatment of a silicon nitride was performed, it turned out easily at the temperature of 
850 degrees C or less that the front face of a silicon nitride is convertible for silicon oxide at the temperature of 
800 degrees C or less by adjusting conditions. 

[0061] Drawing 1 7 and drawing 1 8 are examples of the experimental result which shows that. Drawing 1 7 and 
drawing 18 are the microphotographies of the semi-conductor structure which contains in an oxidation kind the 
silicon nitride which oxidized as dry oxygen (02) and an oxidation species by the oxidation approach which used 
ozone (03), respectively. 

[0062] The above-mentioned semi-conductor structure is the following, and was made and created. That is, on 
the silicon substrate, sequential formation of a silicon nitride and the TEOS oxide film was carried out, next the 
TEOS oxide film, the silicon nitride, and the silicon substrate were etched, heights were formed, and it created 
by next narrowing a TEOS oxide film and a silicon nitride with phosphoric acid. In drawing, the heights of a silicon 
substrate, the silicon nitride, and the TEOS oxide film are shown sequentially from the bottom. 
[0063] By the oxidation approach which used dry oxygen (10%) for the oxidation kind, oxidation temperature was 
made into 1000 degrees C, and oxidation time amount was made into 69 minutes. In this case, the thickness of 
the silicon oxide formed on the surface of the silicon substrate was 15nm. On the other hand, by the oxidation 
approach which used ozone (partial pressure [ of 133.322Pa ] =1Torr) for the oxidation kind, oxidation 
temperature was made into 850 degrees C, and oxidation time amount was made into 240 minutes. In this case, 
the thickness of the silicon oxide formed on the surface of the silicon substrate was 1 1 nm. 
[0064] Although the surface layer of a silicon nitride is not convertible for silicon oxide by the oxidation 
approach using dry oxygen from drawing 1 7 and the drawing 1 8 Fig., it turns out by the oxidation approach using 
ozone that the surface layer of a silicon nitride is convertible for silicon oxide. The same result was obtained 
even if it used the oxygen radical instead of dry oxygen. 

[0065] Therefore, according to this invention which adopted the oxidizing quality ambient atmosphere containing 
ozone or an oxygen radical, it is a small heat budget, and the front face of a silicon nitride can be changed into 
silicon oxide, without causing a plasma damage. And the pattern (SiN pattern) which consists of a silicon nitride 
beyond the capacity of lithography can be formed now by removing this silicon oxide. 

[0066] Since the etch rate of a SiN pattern can be made later enough than that of the polish recon film when 
using a SiN pattern as an etching mask of the polish recon film, the thickness of a SiN pattern is thin and ends. 
Consequently, dispersion in the configuration of a SiN pattern becomes small enough. 
[0067] 

[Embodiment of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of operation of this 
invention is explained, referring to a drawing. 

[0068] Before explaining the operation gestalt of this invention, the trouble which this invention persons who 
became the motivation of this invention found out is explained. In drawing 1 0 , instead of silicon oxide 92, this 
problem arises, when a silicon acid nitride or a silicon nitride is used. 

[0069] The difference in the configuration after post-oxidation of the silicon oxide (silicon acid nitride) 95 which 
contains the nitrogen by the difference in the concentration profile of nitrogen in drawing 15 is shown. The slash 
section shows the high concentration field of nitrogen among drawing. 

[0070] The silicon acid nitride 95 which exists under the polish recon film 93 controls that an oxidizer is supplied 
to the lower limit section of the polish recon film 93. therefore, the lower limit section of the polish recon film 93 
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by post-oxidation — being round — it becomes inadequate. 

[0071] Here, since oxidation of the lower limit section of the polish recon film 93 will not progress especially 
when the nitrogen concentration in the silicon acid nitride 95 by the side of the polish recon film 93 is high when 
the nitrogen concentration in the silicon acid nitride 95 is high, the lower limit section of the polish recon film 93 
becomes the configuration where it sharpened rather than post-oxidation before ( drawing 1 5 (b), drawing 15 
<c». 

[0072] As for such fault, nitrogen presentation ratio [ in the c-2m or more or about 93 polish recon film 5x1013 
silicon acid nitride 95 ] [N]/([0] + [N]) becomes [ the nitrogen concentration in the silicon nitride 95 ] 
remarkable at 1% or more at an interface with the polish recon film 93. 

[0073] Moreover, the silicon acid nitride 95 which exists on a silicon substrate 91 controls that an oxidizer is 
supplied to the front face of a silicon substrate 91. Therefore, the BAZU beak oxidization by post-oxidization 
becomes inadequate. 

[0074] In order that BAZU beak oxidation may not progress especially when the nitrogen concentration in the 
silicon acid nitride 95 by the side of a silicon substrate 91 is high when the nitrogen concentration in the silicon 
acid nitride 95 is high, the distance of the lower limit section of the polish recon film 93 and a silicon substrate 
91 stops here, spreading ( drawing 15 ). 

[0075] As for such fault, nitrogen presentation ratio [ in 5x1013 c-2m or more or the about 91-silicon substrate 
silicon acid nitride 95 ] [N]/([0] + [N]) becomes [ the nitrogen concentration in the silicon nitride 95 ] 
remarkable at 1% or more at an interface with a silicon substrate 91. 

[0076] If nitrogen contains in the front-face side of the silicon acid nitride 95 exposed after processing of the 
polish recon film 93, since oxidizing agent supply into the silicon acid nitride 95 will be controlled on the other 
hand, the membraneous improvement by process damage recovery becomes inadequate ( drawing 15 (b), drawing 
15 (c)). 

[0077] The problem described above arises similarly to over etching structure as shown in drawing 10 . 

[0078] (1st operation gestalt) Drawing 1 is the process sectional view showing the manufacture approach of the 

MOS transistor concerning the 1st operation gestalt of this invention. 

[0079] First as shown in drawing 1 (a), it forms silicon oxide (un-illustrating) with a thickness of 3nm and heat- 
treats in a nitrogen-monoxide (NO) ambient atmosphere continuously by the oxidizing [ thermally ] method on 
the front face to which the flatness of a silicon substrate 1 was made, and the nitrogen of 5x1014cm~2 is 
introduced and the silicon acid nitride 2 as gate dielectric film is formed in the substrate interface side of the 
above-mentioned silicon oxide. 

[0080] next, LPCVD using the mono silane as a raw material as shown in drawing 1 (b) — the polish recon film 3 
of low resistance used as a gate electrode is formed by forming the polish recon film of undoping with a 
thickness of 1 50nm on the silicon acid nitride 2 and carrying out the ion implantation of the boron (B) to the 
polish recon film of this undoping as DOPANDO continuously by law. 

[0081] Here, installation of DOPANDO may be performed using a thermal diffusion method. Moreover, donors, 
such as a next door (P) and arsenic (As), may be used as DOPANDO. In addition, it gives in order for the 3rd 
operation gestalt to explain 2' using drawing 1 in drawing, and it is not related to this operation gestalt. 
Installation of above-mentioned DOPANDO may be performed to membrane formation and coincidence, or you 
may carry out after post-oxidation (after processing the polish recon film 3). 

[0082] Next, as shown in drawing 1 (c), the resist pattern 4 for gate electrode formation is formed by applying a 

photoresist on the polish recon film 3, and carrying out patterning using the photograph **** method. 

[0083] Next, as shown in drawing 1 (d), after carrying out patterning of the polish recon film 3 by dry etching and 

forming the gate electrode 3, using a resist pattern 4 as a mask, a resist pattern 4 is removed by the ashing 

method. Then, a silicon substrate 1 is carried in in a vertical mold batch type oxidation furnace. 

[0084] Next, introducing the mixed gas (ozone 5%) of ozone and oxygen in a vertical mold batch type oxidation 

furnace, as it heat-treats on 130Pa conditions and is shown in drawing 1 (e), the front face (a side face, top 

face) of the gate electrode 3 and the exposure front face of the silicon acid nitride (gate dielectric film) 2 are 

oxidized, and the back oxide film 5 is formed for 900 degrees C and 10 minutes. The above-mentioned 

oxidization is performed by the oxygen radical produced at the reaction of ozone and oxygen. 

[0085] Here, the thickness of the back oxide film 5 is set to about 5nm in the side-attachment-wall section of 

the gate electrode 3. Moreover, the oxidation temperature of post-oxidation has a desirable elevated 

temperature 900 degrees C or more, in order to raise the desorption effectiveness of the nitrogen in the silicon 

acid nitride 2, and to enlarge the radius of curvature of the lower limit section of the gate electrode 3 and to 

enable defective recovery of the silicon acid nitride 2 in a short time. 
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[0086] Moreover, an oxidation pressure has the desirable low voltage of 1 or less kPa so that the ozone in an 
ambient atmosphere may not deactivate. In addition, oxidation may be performed after this after the formation 
process of the source / drain field 6 performed continuously. 

[0087] As shown in drawing 1 (f), after using the gate electrode 3 for a mask and introducing DOPANDO into a 
substrate front face by the ion implantation finally, the source / drain field 6 is formed in self align by activating 
a dopant by the lamp annealing method. Then, an interlayer insulation film, metal wiring, etc. which are not 
illustrated according to the well-known approach are formed, and an MOS transistor is completed. 
[0088] The enlarged drawing near the lower limit section of the gate electrode 3 formed in drawing 2 (a) by the 
approach of this operation gestalt is shown. The slash section shows the high concentration field of nitrogen 
^ among drawing. If the nitrogen concentration in the silicon acid nitride 2 performs post-oxidation in an oxygen 
y gas ambient atmosphere two or more [ 5x1 01 3cm - ] [ near the interface with a silicon substrate 1 ] in a certain 
case (conventional technique), it will become the configuration shown in drawing 1 5 (a). On the other hand, in 
this invention, since post-oxidation is performed in the ambient atmosphere containing ozone, the nitrogen in the 
gate acid nitride 2 of the gate electrotreatment field near the lower limit section of the gate electrode 3 ****s, 
and formation of the BAZU beak by advance of oxidation of a silicon substrate 1 becomes remarkable. 
[0089] Consequently, while the configuration of the lower limit section of the gate electrode 3 is fully round, the 
distance between the lower limit section of the gate electrode 3, and the source / drain field 6 becomes long, 
the lower limit section of the gate electrode 3 and the electric field of the source / drain field 6 are eased, and 
the dielectric strength of a component improves. 

[0090] In addition, at the process of drawing 1 (e), although heat treatment of an ozone ambient atmosphere is 
performing post-oxidization, effectiveness with the same said of heat treatment of an oxygen radical ambient 
atmosphere is acquired. Moreover, if the usual oxidation is added after post-oxidation when the thickness of the 
back oxide film obtained by oxidation runs short after using ozone and an oxygen radical, as shown in drawing 2 
(b) f the back oxide film 5 of desired thickness can be formed. 

[0091] When it is not desirable for the nitrogen in the silicon acid nitride 2 near the lower limit section of the 
gate electrode 3 (gate dielectric film) to **** in the oxidation using ozone or an oxygen radical further again, for 
example, in being anxious about the fall of the diffusion control capacity of dopants, such as a fall of the carrier 
resistance by the desorption of nitrogen, a fall of high electric-field stress resistance, or boron If heat treatment 
of nitriding nature gas ambient atmospheres, such as a nitrogen monoxide, etc. adds the usual nitrogen 
introduction process after post-oxidation, as shown in drawing 2 (c), nitrogen can be introduced into the silicon 
acid nitride 2 near the lower limit section of the gate electrode 3 (gate dielectric film). 

[0092] Moreover, at the process of drawing 1 (d), in case patterning of the polish recon film 3 is carried out, the 
enlarged drawing near [ in the case of being etched to the silicon acid nitride 2 ] the lower limit section of the 
gate electrode 3 is shown in drawing 2 (d). The slash section shows the high concentration field of nitrogen 
among drawing. Since post-oxidation is performed in the ambient atmosphere which contains ozone by this 
invention as compared with drawing 16 (a) at the time of performing post-oxidation in an oxygen gas ambient 
atmosphere (conventional technique), the nitrogen near the upper limit section of the silicon substrate 1 in the 
silicon acid nitride 2 ****s and post-oxidation fully advances, the upper limit section of a silicon substrate 1 is 
round, and a configuration becomes remarkable. Consequently, the lower limit section of the gate electrode 3 
and the electric field of the source / drain field 6 are eased, and the dielectric strength of a component 
improves. 

[0093] Although the thermal oxidation film (un-illustrating) was heat-treated in the nitrogen-monoxide ambient 
atmosphere and the silicon acid nitride 2 was formed at the process of drawing 1 (a), also when the nitrogen in a 
silicon acid nitride forms a high concentration layer in the interface by the side of a substrate, the same 
effectiveness as the above is acquired like [ in the case of heat-treating in ambient atmospheres, such as a 
nitrous oxide (N2 O) ambient atmosphere, ]. 

[0094] Moreover, like [ in the case of heat-treating the thermal oxidation film in an ammonia (NH3) ambient 
atmosphere ], also when the nitrogen in a silicon acid nitride forms a high concentration layer in the interface by 
the side of a substrate, and the interface by the side of a gate electrode, the same effectiveness as the above is 
acquired. 

[0095] (2nd operation gestalt) Drawing 3 is the process sectional view showing the manufacture approach of the 
flash plate memory cell concerning the 2nd operation gestalt of this invention. 

[0096] First, as shown in drawing 3 (a), silicon oxide (un-illustrating) with a thickness of 8nm is formed in the 
front face to which the flatness of a silicon substrate 1 1 was made by the oxidizing [ thermally ] method. Then, 
heat-treat in an ammonia ambient atmosphere and a nitrogen high concentration field where the peak value of 
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nitrogen presentation ratio [N]/([0] + [N]) becomes about 10% at a film rear-face [ of the above-mentioned 
silicon oxide ] and film front-face side (substrate interface side) is formed. The silicon acid nitride 12 as a tunnel 
insulator layer is formed. It checked that the peak value of nitrogen presentation ratio [N]/([0] + [N]) also 
became about 10% at a film rear-face [ of the silicon acid nitride 12 ], and film front-face side (substrate 
interface side). 

[0097] next, LPCVD using the mono silane and the phosphine as a raw material as shown in drawing 3 (b) — the 
polish recon film 13 with a thickness of 150nm of low resistance used as a floating-gate electrode with which 
Lynn was doped is formed on the silicon acid nitride 12 by law. Here, installation of DOPANDO may be 
performed using a thermal diffusion method. Moreover, DOPANDO other than Lynn may be used. Installation of 
above-mentioned DOPANDO may be performed after membrane formation. 

[0098] Then, as shown in drawing 3 (b), according to the approach of common knowledge of the inter-electrode 
insulator layer 14 and the electric conduction film (for example, polish recon film containing DOPANDO) 15 used 
as a control gate electrode, sequential formation is carried out on the polish recon film 13. 

[0099] Next, as shown in drawing 3 (c) f after carrying out patterning of the electric conduction film 15, the intern- 
electrode insulator layer 14, and the polish recon film 13 by dry etching, using as a mask the resist pattern which 
is not illustrated, the above-mentioned resist pattern is removed by the ashing method. 

[0100] Next, introducing an oxygen radical in this furnace, after carrying in a silicon substrate in a remote plasma 
oxidation furnace, by heat-treating on 130Pa conditions for 900 degrees C and 10 minutes, as shown in drawing 
3 (d), the side-attachment-wall side of the polish recon film (floating-gate electrode) 13 and the exposure front 
face of the silicon acid nitride (tunnel insulator layer) 12 are oxidized, and the back oxide film 16 is formed. In 
addition, oxidation may be performed after this after the formation process of the source / drain field 1 7 
performed continuously. 

[0101] Here, the thickness of the back oxide film 16 is set to about 10nm in the side-attachment-wall section of 
the polish recon film (floating-gate electrode) 1 3. After this, the oxidation temperature of oxidation has a 
desirable elevated temperature 900 degrees C or more, in order to raise the desorption effectiveness of the 
nitrogen in the silicon acid nitride (tunnel insulator layer) 12, and to enlarge the radius of curvature of the lower 
limit section of the floating-gate electrode 13 and to enable defective recovery of the tunnel insulator layer 12 in 
a short time. 

[0102] Moreover, after covering the exposure front face of the electric conduction film by the film which has 
barrier property to an oxidizing agent like a silicon nitride like [ in case the control gate electrodes 15 are 
electric conduction film, such as metal membrane metallurgy group silicide film instead of the doped silicon film 
(low resistance semi-conductor film), ] to oxidize the control gate electrode 1 5, it is good to perform post- 
oxidation. 

[0103] Moreover, after covering the metal silicide film etc. like thick CVD silicon oxide by film which lowers an 
oxidation rate to control catastrophic oxidation, such as metal silicide film, it is good to perform post-oxidation. 
[0104] Next, as shown in drawing 3 (e), after using the control gate electrode 15 for a mask and introducing a 
dopant into a substrate front face by the ion implantation, the source / drain field 17 is formed in self align by 
activating a dopant by the lamp annealing method. Then, an interlayer insulation film, metal wiring, etc. which are 
not illustrated according to the well-known approach are formed, and an MOS transistor is completed. 
[0105] The enlarged drawing near the lower limit section of the floating-gate electrode 13 is shown in drawing 4 
(a) by the approach of this operation gestalt. The slash section shows the high concentration field of nitrogen 
among drawing. 

[0106] If nitrogen presentation ratio [ in about 13 floating-gate electrode and the about 1 1 -silicon substrate 
silicon acid nitride 12 ] [N]/([0] + [N]) performs post-oxidation in an oxygen gas ambient atmosphere 1% or more 
in a certain case (Prior art), it will become a configuration as shown in drawing 15 (b). On the other hand, in this 
invention, since it has back-oxidized in the ambient atmosphere containing an oxygen radical, the nitrogen of the 
floating-gate electrotreatment field near the lower limit section of the floating-gate electrode 13 in the silicon 
acid nitride 12 ****s, and the lower limit section of the floating-gate electrode 13 and advance of oxidation of a 
silicon substrate 1 1 become remarkable. 

[0107] Consequently, when the lower limit section of the floating-gate electrode 13 and the electric field of the 
source / drain field 1 7 are eased by increase of the curvature of the lower limit section of the floating-gate 
electrode 13, and advance of BAZU beak oxidation of a silicon substrate 1 1 and the process damage in the 
silicon acid nitride 12 near the lower limit section of the floating-gate electrode 13 is further recovered by them, 
dielectric strength improves. 

[0108] In addition, at the process of drawing 3 (d), although heat treatment in an oxygen radical ambient 
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atmosphere is performing post-oxidation, effectiveness with the same said of heat treatment in an ozone 
ambient atmosphere is acquired. Moreover, when the thickness of the back oxide film obtained by oxidation is 
insufficient after using ozone and an oxygen radical, the usual oxidation may be added after post-oxidation. 
[0109] When it is not desirable for the nitrogen in the silicon acid nitride 12 near the lower limit section of the 
floating-gate electrode 13 (tunnel insulator layer) to **** in oxidation further again after using ozone and an 
oxygen radical, after post-oxidation, heat treatment in nitriding nature gas ambient atmospheres, such as a 
nitrogen monoxide, etc. may add the usual nitrogen introduction process, and may introduce nitrogen. 
[01 10] Moreover, at the process of drawing 3 (c), in case patterning of the polish recon film 13 is carried out, the 
enlarged drawing near [ in the case of being etched to the silicon substrate 1 1 ] the lower limit section of the 
floating-gate electrode 13 is shown in drawing 4 (b). The slash section shows the high concentration field of 
nitrogen among drawing. 

[01 1 1] Since it is oxidizing in the ambient atmosphere which contains an oxygen radical by this invention as 
compared with drawing 1 6 (b) at the time of back-oxidizing in an oxygen gas ambient atmosphere (conventional 
technique), and the nitrogen by the side of the substrate interface in the silicon acid nitride (tunnel insulator 
layer) 12 and a film front face ****s and oxidization fully advances, the lower limit section of the floating-gate 
electrode 13 and the upper limit section of a silicon substrate 1 1 are round, and a configuration becomes 
remarkable. 

[0112] Consequently, since the lower limit section of the floating-gate electrode 13 and the electric field of the 
source / drain field 17 are eased and the process damage of the near part by the side of the rear face of the 
silicon acid nitride (tunnel insulator layer) 12 and a front face (substrate interface side) is recovered further, 
dielectric strength improves. Moreover, also when a silicon nitride is used as a tunnel insulator layer, it is 
possible to acquire the same effectiveness. 

[01 13] (3rd operation gestalt) Next, the manufacture approach of the MOS transistor concerning the 3rd 
operation gestalt of this invention is explained. This operation gestalt explains the example which used the 
silicon nitride as gate dielectric film. In addition, since the process sectional view showing the manufacture 
approach of this operation gestalt is the same as it of the 1st operation gestalt, here explains using drawing 1 . 
[01 14] First, as shown in drawing 1 (a), with a thickness [ as gate dielectric film ] of 3nm silicon nitride 2' is 
formed in the front face to which the flatness of a silicon substrate 1 was made by the LPCVD method which 
used ammonia as the mono silane as a raw material. 

[01 15] next, LPCVD using the mono silane as a raw material — by forming the polish recon film of undoping with 
a thickness of 1 50nm on silicon nitride 2' and carrying out the ion implantation of the boron (B) to the polish 
recon film of this undoping as DOPANDO continuously by law, as shown in drawing 1 (b), the polish recon film 3 
of low resistance used as a gate electrode is formed. 

[0116] Here, installation of DOPANDO may be performed using a thermal diffusion method. Moreover, donors, 
such as a next door (P) and arsenic (As), may be used as DOPANDO. Installation of above-mentioned 
DOPANDO may be performed to membrane formation and coincidence, or you may carry out after post- 
oxidation (after processing the polish recon film 3). 

[01 17] Next, as shown in drawing 1 (c), the resist pattern 4 for gate electrode formation is formed by applying a 
photoresist on the polish recon film 3, and carrying out patterning using the photograph **** method. 
[0118] Next, as shown in drawing 1 (d), after carrying out patterning of the polish recon film 3 by dry etching and 
forming a gate electrode, using a resist pattern 4 as a mask, a resist pattern 4 is removed by the ashing method. 
[01 19] Next, introducing the mixed gas (50% of oxygen) of oxygen and hydrogen in this furnace, after carrying in 
a silicon substrate 1 in the single-wafer-processing oxidation furnace of a lamp heating method, by heat-treating 
on 650Pa conditions for 900 degrees C and 10 seconds, as shown in drawing 1 (e), the front face (a side face, 
top face) of the gate electrode 3 and the exposure front face of silicon nitride (gate dielectric film) 2' are 
oxidized, and the back oxide film 5 is formed. The above-mentioned oxidization is performed by the oxygen 
radical produced at the reaction of oxygen and hydrogen. 

[0120] The thickness of the back oxide film 5 is set to about 5nm in the side-attachment-wall section of 4nm 
and the gate electrode 3 on a silicon substrate 1. After this, the oxidation temperature of oxidation has a 
desirable elevated temperature 900 degrees C or more, in order to raise the desorption effectiveness of the 
nitrogen in the silicon acid nitride 2, and to enlarge the radius of curvature of the lower limit section of the gate 
electrode 3 and to enable defective recovery of silicon nitride 2* in a short time. 

[0121] Moreover, an oxidation pressure has the desirable low voltage of 1 or less kPa so that the ozone in an 
ambient atmosphere may not deactivate at the reaction of oxygen and hydrogen. In addition, oxidation may be 
performed after this after the formation process of the source / drain field 6 performed continuously. 
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[0122] As shown in drawing 1 (f), after using the gate electrode 3 for a mask and introducing a dopant into a 
substrate front face by the ion implantation finally, the source / drain field 6 is formed in self align by activating 
a dopant by the lamp annealing method. Then, an interlayer insulation film, metal wiring, etc. which are not 
illustrated according to the well-known approach are formed, and an MOS transistor is completed. 
[0123] The enlarged drawing near the lower limit section of the gate electrode 3 formed in drawing 5 (a) by the 
approach of this operation gestalt is shown. The slash section shows the high concentration field of nitrogen 
among drawing. In this invention, since post-oxidation is performed in the ambient atmosphere containing an 
oxygen radical, among gate-dielectric-film (silicon nitride) 2', nitrogen ****s, oxidation reaction advances and the 
part of the gate electrotreatment field near the lower limit section of the gate electrode 3 is changed into silicon 
oxide. 

[0124] Then, as compared with a configuration (configuration shown in drawing 15 (c)) when the result 
configuration of the lower part of the gate electrode 3 back-oxidizes in an oxygen gas ambient atmosphere 
(conventional technique), formation of a BAZU beak becomes remarkable by continuing oxidation of gate- 
dielectric-film (silicon nitride) 2' further. 

[0125] Consequently, while the configuration of the lower limit section of the gate electrode 3 is fully round, the 
distance between the lower limit section of the gate electrode 3, and the source / drain field 6 becomes long, 
the lower limit section of the gate electrode 3 and the electric field of the source / drain field 6 are eased, and 
the dielectric strength of a component improves. 

[0126] In addition, although the oxygen radical used for post-oxidization was generated at the reaction of oxygen 
and hydrogen in the process of drawing 1 (e), ** which made it generate by other approaches is good. Moreover, 
effectiveness with the same said of heat treatment in an ozone ambient atmosphere is acquired. Moreover, if the 
usual oxidation is added after post-oxidation when the thickness of the back oxide film obtained by oxidation 
runs short after using ozone and an oxygen radical, as shown in drawing 5 (b), the back oxide film 5 of desired 
thickness can be obtained. 

[0127] if heat treatment in nitriding nature gas ambient atmospheres, such as a nitrogen monoxide, etc. adds the 
usual nitrogen introduction process after post-oxidation when it is not desirable for the nitrogen in silicon nitride 
(gate dielectric film) 2' near the lower limit section of the gate electrode 3 to **** in post-oxidation further 
again, it is shown in drawing 5 (c) — as — silicon nitride (gate dielectric film) 2' near the lower limit section of 
the gate electrode 3 — nitrogen can be introduced into inside. 

[0128] Moreover, at the process of drawing 1 (d), in case patterning of the polish recon film 3 is carried out, the 
enlarged drawing near [ in the case of being etched to silicon nitride 2' ] the lower limit section of the gate 
electrode 3 is shown in drawing 5 (d). The slash section shows the high concentration field of nitrogen among 
drawing. 

[0129] Since post-oxidization is performed in the ambient atmosphere which contains an oxygen radical in this 
invention as compared with post-oxidization ( drawing 1 6 (c)) in the oxygen gas ambient atmosphere which is the 
conventional technique, the nitrogen in silicon nitride (gate dielectric film) 2' ****s and oxidization fully 
advances, the upper limit section of a silicon substrate 1 and the lower limit section of the gate electrode 3 are 
round, and a configuration becomes remarkable. Consequently, the lower limit section of the gate electrode 3 
and the electric field of the source / drain field 6 are eased, and the dielectric strength of a component 
improves. 

[0130] Moreover, with this operation gestalt, after oxidizing completely silicon nitride (gate dielectric film) 2' 
exposed by dry etching, oxidation was continued further, but the same effectiveness is acquired even if it 
changes only the front-face side of the outcrop of silicon nitride (gate dielectric film) 2' into an oxide film, as 
shown in drawing 5 (e). 

[0131] As compared with the case ( drawing 15 (c)) where it back-oxidizes in the oxygen gas ambient 
atmosphere of the conventional technique, by this invention, the lower limit section configuration of the gate 
electrode 3 is round with advance of oxidation, the lower limit section of the gate electrode 3 and the electric 
field of the source / drain field 6 are eased, and the dielectric strength of a component improves. 
[0132] LPCVD for which silicon nitride (gate dielectric film) 2' of this operation gestalt used a mono silane and 
ammonia as a raw material — although formed by law — plasma nitriding and JVD (Jet Vapor Deposition) — the 
same effectiveness is acquired even if it forms by other approaches, such as law. Moreover, elements other than 
silicon and nitrogen may be contained in silicon nitride (gate dielectric film) 2\ and the same effectiveness will be 
acquired if silicon and nitrogen are the film of a principal component. 

[0133] (4th operation gestalt) Drawing 6 is the process sectional view showing the manufacture approach of the 
MOS transistor concerning the 4th operation gestalt of this invention. Here, the manufacture approach of the 
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MOS transistor of the detailed size beyond the capacity of lithography is explained. 

[0134] First, as shown in drawing 6 (a), the silicon acid nitride 22 with a thickness [ as gate dielectric film ] of 
5nm is formed in the front face of the silicon substrate 21 which performed channel doping for threshold control 
of an MOS transistor with well-known thermal oxidation / heat nitriding. Channel doping performs annealing for 
activating a dopant on 1050 degrees C and the conditions for 20 seconds, after introducing boron ion into a 
substrate front face as a dopant with ion-implantation on condition that 50keV and 3x1019cm-2. 
[0135] Next, as shown in drawing 6 (a), after depositing the polish recon film 23 with a thickness of 150nm it is 
thin to a gate electrode with a CVD method on the silicon acid nitride 22, a silicon nitride with a thickness of 
100nm it is thin to the SiN pattern 24 as a mask at the time of etching the polish recon film 23 is deposited with 
a CVD method on the polish recon film 23. 

[0136] Next, as shown in drawing 6 (a), using a lithography technique, the gate resist pattern (not shown) of 
minimum line width (100nm) is formed on the above-mentioned silicon nitride, and width of face makes this a 
mask, etches the above-mentioned silicon nitride by the RIE method, and forms the SiN pattern 24. 
[0137] Next, removing the above-mentioned gate resist pattern, carrying in a silicon substrate 21 in a vertical 
mold batch type oxidation furnace, and introducing the mixed gas (ozone 10%) of ozone and oxygen in this 
furnace, oxidation treatment is performed on 100Pa conditions, and as shown in drawing 6 (b), silicon oxide 25 
with a thickness of 10nm is formed in the exposure front face of the SiN pattern 24 for 850 degrees C and 2 
hours. Silicon oxide 25 is formed also in the exposure front face of the polish recon film 23 at this time. 
[0138] Oxidation reaction of a silicon nitride progresses, while the nitrogen in the film ****s. Therefore, the 
surface location of the original SiN pattern 24 and the surface location of silicon oxide 25 become almost equal. 
Thereby, the width of face of the SiN pattern 24 becomes 80nm in the upper part, and the SiN pattern 24 of the 
detailed size beyond the capacity of lithography is obtained. In addition, as for the lower part of the SiN pattern 
24, an oxidation rate becomes slow by the short supply of an oxidizer. Therefore, the width of face of the lower 
part of the SiN pattern 24 is set to 85nm. 

[0139] Next, as shown in drawing 6 (c), after a rare fluoric acid solution removes silicon oxide 25, the SiN pattern 
24 is used as a mask, the polish recon film 23 is etched by the RIE method, and the gate electrode 23 with a 
width of face of 85nm is formed. Then, a phosphoric-acid solution removes the SiN pattern 24. At this time, the 
exposed part of the silicon acid nitride (gate dielectric film) 22 is also removed. 

[0140] Next, as shown in drawing 6 (d), it oxidizes thermally at the temperature of 850 degrees C, and the back 
oxide film 26 with a thickness of 5nm is formed in the exposure front face of a silicon substrate 21, the silicon 
acid nitride 22, and the gate electrode 23. 

[0141] Next, as shown in drawing 6 (d), the gate electrode 23 is used as a mask, on condition that 10keV and 
5x1014cm-2, with ion-implantation, after introducing arsenic ion into a substrate front face through the back 
oxide film 26 as a dopant, ANI 1 RU for activating a dopant on 800 degrees C and the conditions for 10 seconds 
is performed, and the extension field (diffusion field shallow at low high impurity concentration) 27 is formed in 
self align. Here, after processing the polish recon film 23, the dopant was introduced, but after membrane 
formation, coincidence, or membrane formation, you may carry out, before processing the polish recon film 23. 
[0142] Next, as shown in drawing 6 (e), after depositing on the whole surface a silicon nitride with a thickness of 
50nm it is thin to the sidewall spacer 28 with a CVD method, this silicon nitride is etched by the well-known 
etchback RIE method, and the sidewall spacer 28 is formed in the side attachment wall of the gate section. The 
workmanship thickness of the sidewall spacer 28 is about 50nm. 

[0143] Next, while lowering resistance of the gate electrode 23 by performing annealing for activating a dopant 
on 1000 degrees C and the conditions for 10 seconds after introducing arsenic ion into a substrate front face 
and the gate electrode 23 as a dopant with ion-implantation on condition that 60keV and 5x1015cm~2 as shown 
in drawing 6 (e), the source / drain field (diffusion field deep at high high impurity concentration) 29 is formed. 
[0144] Next, as shown in drawing 6 (f), after a rare fluoric acid solution removes the exposed back oxide film 26, 
the cobalt film 30 with a thickness of 10nm is formed in the whole surface by the spatter. 

[0145] Next, as shown in drawing 6 (g), after performing 500 degrees C, annealing for 60 seconds, 770 degrees C, 
and annealing for 30 seconds one by one (it is a deed about two-step annealing) and forming the cobalt silicide 
film 31 in the up front face of the gate electrode 23, and the source / drain field 29, the unreacted cobalt film 30 
is removed. 

[0146] Then, with a well-known technique, an interlayer insulation film and wiring are formed and the MOS 
transistor of the detailed size whose GE 1 TO electrode width of face is 85nm is completed. 
[0147] With this operation gestalt, the SiN pattern 24 which consists of a silicon nitride which can take etch 
selectivity to the polish recon film 23 as a mask at the time of etching the polish recon film 23 is used. 
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Therefore, the aspect ratio of the SiN pattern 24 does not become high. Therefore, dispersion in the 
workmanship processing configuration of the GE 1 TO electrode 23 can be reduced sharply. Furthermore, the 
problem that the SiN pattern 24 falls does not arise, either. 

[0148] Moreover, since the SiN pattern 24 is oxidized in the ozone ambient atmosphere, a heat budget can be 
reduced sharply and change of the concentration profile of the boron in a silicon substrate 21 does not pose a 
problem. 

[0149] Furthermore, since the silicon acid nitride (gate acid nitride) 22 does not receive [ in oxidation in an 
ozone ambient atmosphere ] a plasma damage unlike the case of plasma oxidation, the problem of the fall of the 
dependability of gate dielectric film 22 and property fluctuation of an MOS transistor does not arise. 
[0150] Such effectiveness is similarly acquired not only by oxidization of an ozone ambient atmosphere but by 
oxidization of an oxygen radical ambient atmosphere. Moreover, when property fluctuation of the MOS transistor 
by the plasma damage can be permitted, it becomes possible to use together the plasma oxidation method of 
oxygen or an ozone ambient atmosphere. 

[0151] (5th operation gestalt) By the manufacture approach shown with the 4th operation gestalt, the process 
which oxidizes the film used as a gate electrode is used. Therefore, the above-mentioned manufacture approach 
cannot be applied when using the electric conduction film which causes catastrophic oxidation, such as tungsten 
film, as all or some of a gate electrode. This operation gestalt explains the manufacture approach of the MOS 
transistor of the detailed size beyond the capacity of the lithography at the time of using such electric 
conduction film. 

[0152] First, as shown in drawing 7 (a), the silicon nitride 42 with a thickness [ as gate dielectric film ] of 5nm is 
formed in the front face of the silicon substrate 41 which performed channel doping for threshold control of an 
MOS transistor like the 4th operation gestalt with a well-known CVD method. 

[0153] Next, as shown in drawing 7 (a), after forming the polish recon film 43 with a thickness of 100nm it is thin 
to a gate electrode with a CVD method and forming the tungsten film 44 with a thickness of 100nm by the 
spatter further on the silicon nitride 42, the silicon nitride 45 with a thickness of 150nm it is thin to the SiN 
pattern at the time of carrying out silicon nitride etching of the polish recon film 43 and the tungsten film 44 is 
formed with a CVD method. Here, installation of the dopant for forming the polish recon film 43 into low 
resistance is, after forming membrane formation of the polish recon film 43, and coincidence and the polish recon 
film 43, and before it processes this film 43, it may be performed after post-oxidation (after processing the 
polish recon film 43). 

[0154] Next, as shown in drawing 7 (b), using a lithography technique, width of face forms the gate resist pattern 
(not shown) of minimum line width (100nm), makes this a mask, and etches only 100nm of front faces of the 
silicon nitride 45 by the RIE method. Consequently, the thickness of the silicon nitride 45 of the field which is 
not covered with a gate resist pattern is set to 50nm. Then, a gate resist pattern is removed and a silicon 
substrate 41 is carried in in a remote plasma oxidation furnace. 

[0155] Next, introducing an oxygen radical in a remote plasma oxidation furnace, it heat-treats on 100Pa 
conditions, and as shown in drawing 7 (c), silicon oxide 46 with a thickness of 10nm is formed in the exposure 
front face of the silicon nitride 45 for 900 degrees C and 10 minutes. 

[0156] Oxidation reaction of a silicon nitride progresses, while the nitrogen in the film ****s. Therefore, the 
surface location of the original silicon nitride 45 and the surface location of silicon oxide 46 become almost 
equal. The width of face of the silicon nitride 45 after forming silicon oxide 46 becomes 80nm by this in the 
upper part, and it becomes possible to obtain the gate electrode pattern of the detailed size beyond the capacity 
of lithography. The thickness of the silicon nitride 45 of fields other than a gate electrode pattern is set to 40nm. 

[0157] Next, as shown in drawing 7 (d), after a rare fluoric acid solution removes silicon oxide 46, the whole 
surface of the silicon nitride 45 is etched by the RIE method, the silicon nitride 45 of fields other than a gate 
electrode pattern is removed, and a SiN pattern is formed. At this time, the width of face of the lower part of the 
silicon oxide 46 which remained is set to 85nm. 

[0158] Next, as shown in drawing 7 (e), the SiN pattern 45 is used as a mask, sequential etching of the tungsten 
film 44 and the polish recon film 43 is carried out by the RIE method, and a gate electrode with a width of face 
of 85nm which has the polycide structure which consists of a cascade screen of the polish recon film 43 and the 
tungsten film 44 is formed. 

[0159] A next process is the same technique as the 4th operation gestalt, it forms a back oxide film, a sidewall 
spacer, an extension field, and the source / drain field, and has the polycide structure using the tungsten film as 
a metal membrane, and the MOS transistor of the detailed size whose gate electrode width of face is 85nm 
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completes it. 

[0160] According to this operation gestalt, in the oxidation process ( drawing 7 (c)) of the silicon nitride 45 for 
forming a detailed SiN pattern, since the tungsten film 44 is covered by the silicon nitride 45, catastrophic 
oxidation does not happen. Moreover, it was checked that the MOS transistor of this operation gestalt has the 
same effectiveness as the 4th operation gestalt. 

[0161] (6th operation gestalt) By the manufacture approach shown with the 4th operation gestalt and the 5th 
operation gestalt, it will originate in the configuration of a SiN pattern and the gate electrode of width of face 
thicker than the minimum width of face of a SiN pattern will be formed. This operation gestalt explains the 
manufacture approach of the MOS transistor of the detailed size beyond the capacity of lithography which 
solved this problem. 

[0162] First, as shown in drawing 8 (a), the polish recon film 53 with a thickness of 150nm it is thin to the silicon 
acid nitride 52 with a thickness [ as gate dielectric film ] of 5nm and a gate electrode is formed in the front face 
of the silicon substrate 51 which performed channel doping for threshold control of an MOS transistor with a 
well-known CVD method. 

[0163] The above-mentioned channel doping performs annealing for activating a dopant on 1050 degrees C and 
the conditions for 20 seconds, after introducing boron ion into a substrate front face as a dopant with ion- 
implantation on condition that 150keV and 3x1019cm-2. Moreover, installation of the dopant for forming the 
polish recon film 53 into low resistance is, after forming membrane formation of the polish recon film 53, and 
coincidence and the polish recon film 53, and before it processes this film 53, it may be performed after post- 
oxidation (after processing the polish recon film 53). 

[0164] Next, as shown in drawing 8 (a), after forming silicon oxide 54 with a thickness of 5nm in the front face of 
the polish recon film 53 by the oxidizing [ thermally ] method, the silicon nitride 55 with a thickness of 100nm is 
formed with a CVD method on silicon oxide 54. Silicon oxide 54 and the silicon nitride 55 are Si02 as a mask at 
the time of etching the polish recon film 53, respectively. It becomes a pattern and a SiN pattern. 
[0165] Next, as shown in drawing 8 (b), using a lithography technique, width of face forms the gate resist pattern 
(not shown) of minimum line width (100nm), this is made into a mask, sequential etching of the silicon nitride 55 
and the silicon oxide 54 is carried out by the RIE method, and it is Si02. A pattern and a SiN pattern are formed. 
Then, the above-mentioned gate resist pattern is removed and a silicon substrate 51 is carried in in a vertical 
mold batch type oxidation furnace. 

[0166] Next, it is Si02, as it heat-treats on 100Pa conditions and is shown in drawing 8 (c) for 850 degrees C 
and 2 hours, introducing the mixed gas (ozone 10%) of ozone and oxygen in a vertical mold batch type oxidation 
furnace. Silicon oxide 56 with a thickness of 10nm is formed in the exposure front face of a pattern 54 and the 
SiN pattern mask 55. Silicon oxide 56 is formed also in the exposure front face of the polish recon film 53 at this 
time. 

[0167] Oxidation reaction of a silicon nitride progresses, while the nitrogen in the film ****s. Therefore, the 
surface location of the original SiN pattern 55 and the surface location of silicon oxide 56 become almost equal. 
Thereby, the width of face of the SiN pattern 55 is set to 80nm, and the SiN pattern 55 of the detailed size 
beyond the capacity of lithography is obtained. Furthermore, the lower part of the SiN pattern 55 is Si02 which 
consists of quick silicon oxide of diffusion of an oxidizer. Since it is formed by the pattern 55, the above- 
mentioned lower part becomes the configuration where the edge was round. 

[0168] Next, as shown in drawing 8 (d), a rare fluoric acid solution removes silicon oxide 56. At this time, it is 
Si02. Since a pattern 54 is also removed slightly, a shoulder 57 is formed in the polish recon film 53. 
[0169] Next, as shown in drawing 8 (e), patterns 54 and 55 are used as a mask, the polish recon film 53 is etched 
by the RIE method, and the gate electrode 53 with a width of face of 80nm is formed. At this time, the up edge 
58 of the gate electrode 53 is round under the effect of the shoulder 57 formed in the polish recon film 53. 
[0170] Next, as shown in drawing 8 (f), after a phosphoric-acid solution removes the exposed parts of the SiN 
pattern film 55 and the gate acid nitride 52, and the whole silicon oxide 54, 850-degree C thermal oxidation is 
performed and the back oxide film 59 with a thickness of 5nm is formed in a silicon substrate 51 and the 
exposure front face of the gate electrode 53. 

[0171] Next, as shown in drawing 8 (f), after introducing boron fluoride ion into a substrate front face through the 
back oxide film 59 on condition that 5keV and 5x1014cm-2 as a dopant with ion-implantation, the extension field 
60 is formed by performing annealing for activating a dopant on 800 degrees C and the conditions for 10 
seconds. 

[0172] Next, as shown in drawing 8 (f), after depositing on the whole surface a silicon nitride with a thickness of 
50nm it is thin to the sidewall spacer 61 with a CVD method, this silicon nitride is etched by the well-known 
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etchback RIE method, and the sidewall spacer 61 is formed. The workmanship thickness of the sidewall spacer 
61 is about 50nm. 

[0173] Next, while lowering resistance of the gate electrode 53 by performing annealing for activating a dopant 
on 1000 degrees C and the conditions for 10 seconds after introducing arsenic ion in a substrate front face and 
the gate electrode 33 as a dopant with ion-implantation on condition that 60keV and 5x1015cm-2 as shown in 
drawing 8 (f) f the source / drain field 62 is formed. 

[0174] Next, as shown in drawing 8 (g) f a rare fluoric acid solution removes the exposed back oxide film 59, the 
cobalt film (un-illustrating) with a thickness of 10nm is formed in the whole surface by the spatter, 500 degrees 
C, annealing for 60 seconds, 770 degrees C, and annealing for 30 seconds are performed one by one (performing 
two-step annealing), and the cobalt silicide film 63 is formed in the upper part of the gate electrode 53, and the 
source / drain field 62. Then, the unreacted cobalt film is removed. Here, in the cobalt silicide film 63 formed in 
the upper part of the gate electrode 53, the surface area becomes large reflecting the radius-of-circle 
configuration of the up edge of the gate electrode 53. 

[0175] Then, with a well-known technique, an interlayer insulation film and wiring are formed and the MOS 
transistor whose GE 1 TO electrode width of face is 85nm is completed. 

[0176] With this operation gestalt, the cascade screen of silicon oxide 54 (lower part) / silicon nitride 55 (upper 
part) is used as a mask for gate electrode processing. Silicon oxide 54 has diffusion of an oxidizer quicker than 
the silicon nitride 55. Therefore, in the oxidation process ( drawing 8 (c)) for forming the detailed mask for gate 
electrode processing, the lower part of the mask for gate electrode processing does not grow fat. Consequently, 
the MOS transistor which has a detailed gate electrode equivalent to the mask lower limit can be formed. 
[01 77] Moreover, since the surface area of the cobalt silicide film 63 formed in the upper part of the gate 
electrode 53 is large, resistance of the gate electrode 53 can be lowered effectively and high-speed operation of 
an MOS transistor can be realized. Furthermore, it was checked that the MOS transistor of this operation 
gestalt has the same effectiveness as the 4th operation gestalt. 

[01 78] (7th operation gestalt) Drawing 9 is the process sectional view showing the manufacture approach of the 
non-volatile memory cell concerning the 7th operation gestalt of this invention. This shows the cross section in 
the direction of a channel, and the direction which intersects perpendicularly. 

[0179] First, as shown in drawing 9 (a), the silicon acid nitride 72 with a thickness [ as a tunnel insulator layer ] 
of 10nm is formed in the front face of the silicon substrate 71 which doped boron ion for threshold control of a 
transistor with well-known thermal oxidation / heat nitriding, and the polish recon film 73 with a thickness of 
50nm it is further thin in the lower layer of a floating-gate electrode is formed with a CVD method on the silicon 
acid nitride 72. 

[0180] Next, as shown in drawing 9 (b), width of face and spacing form the trench resist pattern (not shown) of 
minimum line width (100nm) on the polish recon film 73 using a lithography technique. Make this into a mask and 
the polish recon film 73, the silicon acid nitride 72, and a silicon substrate 71 are etched by the RIE method. 
After forming a trench with a depth [ for isolation ] of 200nm and then removing the above-mentioned trench 
resist pattern, the above-mentioned trench is embedded by the silicon oxide 74 as an isolation insulator layer. 
[0181] the embedding of the above-mentioned trench — silicon oxide 74 — a CVD method — the whole surface 
— depositing — the unnecessary silicon oxide 74 of the trench exterior — CMP (Chemical Mechanical 
Polishing) — it carries out by removing by law. Surface flattening can also be easily performed to coincidence by 
removing unnecessary silicon oxide 74 by the CMP method. 

[0182] Next, as shown in drawing 9 (c), after depositing on the whole surface the Lynn doped polysilicon film 75 
with a thickness of 80nm it is thin in the upper layer of a floating-gate electrode with a CVD method, the pattern 
(henceforth a SiN pattern) 76 which reversed the gate electrode pattern which consists of a silicon nitride with a 
thickness of 80nm is formed on the Lynn doped polysilicon film 75. Then, a silicon substrate 71 is introduced in a 
vertical mold batch type oxidation furnace. 

[0183] Width of face and spacing form the gate resist pattern (un-illustrating) of minimum line width OOOnm) on 
a silicon nitride, and the SiN pattern 76 forms it by making this into a mask and etching a silicon nitride by the 
RIE method. A silicon nitride is formed with a ** CVD method. 

[0184] Next, introducing the mixed gas (ozone 10%) of ozone and oxygen in a vertical mold batch type oxidation 
furnace, by performing ****** on 100Pa conditions for 850 degrees C and 2 hours, as shown in drawing 9 (d), 
silicon oxide 77 with a thickness of 10nm is formed in the exposure front face of the SiN pattern 76 and the 
Lynn doped polysilicon film 75 by the oxidizing [ thermally ] method. Silicon oxide 77 serves as a mask at the 
time of etching the Lynn doped polysilicon film 75. 

[0185] Next, as shown in drawing 9 (d), silicon oxide 78 with a thickness of 150nm is deposited on the whole 
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surface with a CVD method, and the clearance between the SiN patterns 76 is filled. It becomes a mask at the 
time of silicon oxide 78 also etching the Lynn doped polysilicon film 75. 

[0186] Next, Si02 with a width of face of 120nm which consists of silicon oxide 77 and 78 by removing the SiN 
pattern 76 with a phosphoric-acid solution after deleting silicon oxide 77 and 78 by the CMP method and 
carrying out flattening of the front face until it uses the SiN pattern 76 for a CMP stopper and the front face of 
the SiN pattern 76 is exposed, as shown in drawing 9 (e) A pattern (mask for gate electrode processing) is 
formed. 

[0187] Next, it is Si02 as shown in drawing 9 (f). Patterns 77 and 78 are used as a mask, the Lynn doped 
polysilicon film 75 is etched by the RIE method, and the upper layer of a floating-gate electrode with a width of 
face of 120nm is formed. Spacing of a ****** floating-gate electrode is formed in 80nm narrower than marginal 
width of face of 100nm of lithography at this time. Then, Si02 A rare fluoric acid solution removes patterns 77 
and 78. 

[0188] Next, after depositing the inter-electrode insulator layer 79 with a thickness of 15nm on the whole 
surface with a well-known CVD method so that the exposure front face of the upper layer 75 of a floating-gate 
electrode may be covered as shown in drawing 9 (g), the Lynn doped polysilicon film 80 with a thickness of 
100nm it is thin to a control gate electrode is deposited on the inter-electrode insulator layer 79 with a well- 
known CVD method. Then, a non-volatile memory cell is completed according to a well-known technique. 
[0189] Si02 which can take etch selectivity to the polish recon film 75 as a mask at the time of etching the 
polish recon film 75 with this operation gestalt Since patterns 77 and 78 are used, it is Si02. It is not necessary 
to make the aspect ratio of patterns 77 and 78 high. Therefore, dispersion in the workmanship processing 
configuration of a floating-gate electrode can be reduced sharply. Furthermore, Si02 The problem that patterns 
77 and 78 fall does not arise, either. 

[0190] Moreover, at this operation gestalt, it is Si02. Spacing of patterns 77 and 78 becomes narrower than the 
width of face of the SiN pattern 76. Therefore, Si02 Spacing of patterns 77 and 78 can be made into narrow 
spacing beyond the capacity of lithography. 

[0191] Furthermore, since the SiN pattern 76 is oxidized in the ozone ambient atmosphere, neither change of the 
concentration profile of the dopant which the heat budget could reduce sharply and introduced into the silicon 
substrate 71, nor dependability degradation of the tunnel acid nitride 72 poses a problem. 
[0192] Since plasma oxidation is not used, the tunnel acid nitride 72 does not receive a plasma damage, and 
fluctuation of a memory cell property does not take place further again. 

[0193] Such effectiveness is similarly acquired not only by oxidization of an ozone ambient atmosphere but by 
oxidization of an oxygen radical ambient atmosphere. Moreover, when the memory cell property fluctuation by 
the plasma damage can be permitted, the plasma oxidation method of oxygen or an ozone ambient atmosphere 
can also be used. 

[0194] As mentioned above, although the operation gestalt of this invention was explained, this inventions are ** 
which is not what is limited to these operation gestalten, and the range which does not deviate from the 
summary of this invention, deform variously and can be carried out. 
[0195] 

[Effect of the Invention] As explained in full detail above, according to this invention, the semiconductor device 
which can prevent effectively the poor insulation in the edge of this electric conduction film in the structure of 
coming to form the electric conduction film containing the silicon by which patterning was carried out on the 
insulator layer containing silicon and nitrogen, and its manufacture approach can be realized now. 
[0196] Moreover, according to this invention, the manufacture approach of the semiconductor device which is a 
small heat budget and can form the pattern which consists of a silicon nitride beyond the capacity of lithography, 
without causing a plasma damage can be realized now. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The process sectional view showing the manufacture approach of the MOS transistor concerning 
the 1st operation gestalt of this invention 

[Drawing 2] The enlarged drawing near the lower limit section of the gate electrode of this MOS transistor 
[Drawing 3] The process sectional view showing the manufacture approach of the flash plate memory cell 
concerning the 2nd operation gestalt of this invention 

[Drawing 4] The enlarged drawing near the lower limit section of the floating-gate electrode of this flash plate 
memory cell 

[Drawing 5] The enlarged drawing near the lower limit section of the gate electrode formed by the manufacture 
approach of the MOS transistor concerning this 3rd operation gestalt of this invention, and its modification 
[Drawing 6] The process sectional view showing the manufacture approach of the MOS transistor concerning 
the 4th operation gestalt of this invention 

[Drawing 7] The process sectional view showing the manufacture approach of the MOS transistor concerning 
the 5th operation gestalt of this invention 

[Drawing 8] The process sectional view showing the manufacture approach of the MOS transistor concerning 
the 6th operation gestalt of this invention 

[Drawing 9] The process sectional view showing the manufacture approach of the non-volatile memory cell 
concerning the 7th operation gestalt of this invention 

[Drawing 10] The process sectional view showing the conventional post-oxidation process 

[Drawing 1 1] The process sectional view showing other conventional post-oxidation processes 

[Drawing 12] The process sectional view showing the formation approach of the MOS transistor of the detailed 

size beyond the capacity of the conventional lithography 

[Drawing 13] Drawing showing the concentration profile of the silicon of the silicon acid nitride which oxidized in 
the oxygen ambient atmosphere, oxygen, and nitrogen 

[Drawing 14] Drawing showing the concentration profile of the silicon of the silicon acid nitride which oxidized in 
ozone / oxygen mixed-gas ambient atmosphere, oxygen, and nitrogen 

[Drawing 15] The enlarged drawing of the component structure (with no over etching of a substrate) acquired by 
post-oxidization in the conventional oxygen gas ambient atmosphere 

[Drawing 16] The enlarged drawing of the component structure (those of a substrate with over etching) acquired 
by post-oxidization in the conventional oxygen gas ambient atmosphere 

[Drawing 17] The microphotography of the semi-conductor structure containing the silicon nitride which oxidized 
by the conventional oxidation approach 

[Drawing 18] The microphotography of the semi-conductor structure containing the silicon nitride which oxidized 
by the oxidation approach of this invention 
[Description of Notations] 

1 — Silicon substrate 

2 — Silicon acid nitride (gate dielectric film) 
2' — Silicon nitride (gate dielectric film) 

3 — Polish recon film (gate electrode) 

4 — Resist pattern 

5 — After oxide film 

6 — Source drain diffusion layer 

11 — Silicon substrate 

12 — Silicon acid nitride (tunnel insulator layer) 

13 — Polish recon film (floating-gate electrode) 

14 — Inter-electrode insulator layer 

15 — Electric conduction film (control gate electrode) 

16 — After oxide film 

17 — Source drain diffusion layer 

21 — Silicon substrate 

22 — Silicon acid nitride (gate dielectric film) 

23 — Polish recon film (gate electrode) 

24 — Silicon nitride (SiN pattern) 
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DRAWINGS 
[Drawing 21 



(a) (b) 
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* u t^mm 1 comm t mzm 2 (omm-mfr 

b. 

%n2<Dwm:b*mi\.xt£%^b*mkb-tz>*m. 

St, 

mrn&m&hic > y = ^Ks^rtr g0jnx«£^>&r 3 x 
at. 

WEIMWiro— SM3«Ui-*-4'<< iifr!EM]XJgl£»lX-r 

rne»wxS(-J; | 9#e J n7t^^igic«-UT, 

m&m-riMb, 

b. 

&&trz b ^m^b-t^^mtmrn^mm^mo 

[Ht#^ 4 ] is V 3 >-flt ^-^tfSyjnxmJiic: y 3 ^ 
xu MiBte^^e,^^^^-^^^i-^xst, 

iBa^lBtfclgrra Xg t £^tr ;r £ * 
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£fcte$^XJg|£rj!jOXUfc&l^ fflGSOnxiSo^^ 
[000 1] 

10 [0 0 0 2] 

1&&<D&M] MOS hy^^y-VKWV 

hubs* rnferoiwcMEi-s^— m» 
wtgm#rc*>zitib* ?— bmm<vTi$!i&X'temmm 

[0 0 0 3] Sfclc, y- h««roT«BGfi»©^- h- 

[0 0 0 4] ztih<7y#$u^ MOS h7^^^ 

X CD— ^{^1/ >T1 hixZ,* 
[000 5] r <Dm<Dffl&7F&<DT$m%Mfc~tZ>$t%& 
30 Vftb LTx ^'fbT'o-fe^^^nTV^, rco^a-fe 
010 (a) ^^-r<t5l-, v-y l_h 
iz. isy = >^KUBt 9 2 . K-^^^ K*r*tHB«tt©# y 

^y3yi9 3««u TKy ->-y 3&m 

■fe<D;<-5>— ^\zMT.L.tz&^ 010 (b) f^-r<fc5 

^ (o 2 ) mm^xmm\An\>\ «suur9 

4^^-rst^^5'{>co-c ^ ^3^)„ A^mrt 
[0 0 0 6] ^^tc. ±:Ef»g8fl2ro|S^erS/<— Xtf 

40 —tmuz-i.'o. *y'>y3>«9 3 05TiHWfc">y3 

[0007] ^t,^*fc, ^y->y^y^9 3ro»ifi 
50 s„ 
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[00 08] ±&&mk7v±XI±. 011 \C7frt£ o 
I-, ffe^Z^Ztf!) isV = >M9 3T<Di/V = 

[0009] eusB^fciSfc. aawt^Q-fe^srfflv^ 

^vy 3>*^t»^»^teWu «SBPFftS:S**WteB)&il: 
-T -5 r. t t v ^ 5 RUB** *> o fco 

[0 0 10] tr5t, ^y3v4WU8(Sr5xy=i>flMt 

(o 2 ) ^feiW»Jibrffiv>fc«BWfc*tt % ®at;tf 
[0011] L^U *ii&<o*fi|:tt N £rF<o<fc5* 

SrfflV^fctLTfc. 9 5 0t, 1 ^fMS*^**^^ 
[0 0 1 2] m^^y bi**:£^k. v'^^Sffi* 
7r^^ft<©bLTLi5o t<D±tb, mmt-)j 

[0013] ^9X^gft(b*»arfflv^a^ a 

[0014] &r. Mct*mzft&<»mtik*<Dtm&\z 
[0015] Hi2H y y^77^- <^iB^srjex.fc 

»ffiHt?«>«o Hi 2 (a) fc^TJ:5fc, 

SSi o i±\z?—b1ftfflfti o 2, ^— h«Kfc«« 
sKy *vy =v!Rl 0 3. #!) vy avJRl 0 
v^rsBRKJH^S^;*^ (s i N/^-y) £fc«rv 
y =i vttfla* 10 4 *m&Mf8rfZ>o 
[0 0 16] ftM. 012 (b) ^^rt-J;5>^ Vv>* 

*• mi2 (b) Id*i-i5»-, 9^#/u»* 
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^ h/^— vi o ssruaa-e^LTv^So 

[0017] B12 ( c ) [ZTfrT <fc 5 Id, l-v^ 

h^-Vl 0 SSre-X^teLT'Vy = vttfldRl 0 4 

SrR I E (Reactive Ion Etching) ffi"C^;y^V;/L 

T\ S i N'**— ^Sr^^r^o b'<* 

-V10 5*:Bat3o 
[0018] B12 (d) i^-r<fc5t-, «ofc 

-vyrnvttfldft (S i N/^->) 104S:^^tL 
10 T#y vy =Vffitl 0 3£rR I EftT^.y^LT, 

[0 0 19]St^ (212 (d) 
h^ffi (tfy-vy^vfflO l o 3^v^^(atSKi 
ffifii V h v£A Lfc«, K— ^ v h £r?£tt 

10 6«U MOSh7^^^^8t5 0 

[0020] rcofie**&"ett. H12 (b) toxg-c 

Vv?* hCDjgtBWs 5 0 0 nmgM^ 

20 fcfc*. 0y*_tf 5 Onmfi^y- hMSl 0 3 SrflgE&r 
ZWr&s b'<#—fl 0 509T^-<^ Mfcfil 0 

[00 2 1] ^(Dtctf)^ V 105 <DJg#t 

«i o 3<Dmft^h<>%&^%b^ymmft^ 

[0 0 2 2] P-v^-X h^^— VI 0 5(0«SrJft|ib 

■friftfcO^ S iN^#— vRl 0 4(D«Sr»ibii:« 

5ft/J«Sr*t5 S i N/^— V 10 4 SrJgJifcUfc^ 
^t^LMtc J; 9 S i V 10 4 (Dffi&Ubttt 

[0 0 2 3] L*^U S i N^^^ — VI 0 4£>flB£ri&5J 

W3*v>7k3K«C»'fkffiS:fflv^fc, S i N/^^— v 10 4 
(Dm 1 0 n m^B (0^(1, 9 5 0U 1 f^KSLh<D 

itttm&fto i/y ^v^S lOl^co K— ^v hco 
[0 0 2 4] 

m(ki*tat>tix^ittK ne«wi»^vy =* vsawt 
^vy ava^wcoa^icii. 

ihi~>6 ZLb&XZt&^k^o BBH*s*>o fco 

[0 0 2 5] *5BM<OjBltOBWtt. ±!2*fg£%ItL 
T***tfcfcO"C. ^y3V*<ttJW*r*tP»6«^ 
50 ^v^Snfc-vy 3VSratri»«Basjg^4ix 
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[00 26] y y^7^ro^^exfc->iJ 3 

*ofc 9 , X-r*'.*— 5?«r£»*a iv^lfflHI 

[00 2 7] *mW(DM 2 0> e Wtt, ±fe*4££%if L- 

[0 0 2 8] 

-kKJS 1 <D B 6<j^r»e-r 
J: 0fc*ffi^v^S 2 U A»oilWBJB 1 

is V a >&^tf , fltrEffi 2 <7>*WLt icjl&S * 
Miro^^i="^^^ h^3*2ralt5i«i«H»*.-C 
[00 29] ^Bm^S^f&Kfioj; 9 Aftftttrtff 

iSiLm sxtv> (i) ~ (6) <??0yas*>»f e>^«. 
[oo3o] (i) tmmi<r>mmm<Df)ibmad.^m 
fr&K t =» * k bfc^«. mum i 

[00 31] (2) ±C (1) fcfcV»Tv *W2«1<0 
m^&i-t 5 X 1 0 13 c m- 2 W±T*S)So 

[0032] 0) mfEM2<Dwm&<D?ibm&m 

(MfitfcJSAOWBSItltttia^^ Stria 

[0033] ( 4 ) mm i oi»»B»4ai#*r&tP'> 

[0 0 3 4] (5) ±e (4) fcfcvvc, MEfKiro 
»WBItt^- MONK. fitrlS^^Jiy- h®fiiT-fc 

[00 3 5] (6) _k|E (5) {C*5^T, ffiBKSlW 
[0 0 3 6] ±IEJRl<OBW*^H-S7t*{^ 
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i/y =>*J:tr«Sr-*trtlS^trJE*ranjBi:. mr 

x-r a xg i , rn h <Dimz. <t 9 # btvtc^mtmm 

-So 

[003 7] *3B91icffi£^^ft&a<9S3ft 

SyjDX^gr^^rsxSi:, «nBMSBWW>-«B39«Hft- 
S^<tfrteS9JDim^*PX-r5XSi:. rftibwxmic 

[0038] r*tP>W^BJtc#«,imft^Sro»i£^ 
20 ffi<&J:0Afl#j#»jf£i: LTtt, WTtO (1) ~ (3) 

[0 0 3 9] (1) WES&tSffilW:. ^SfSr&tf^y a 

[0040] (2) htmmx%> 
[oo4i] (3) mmittim&ftoffi^ mm& 
x 1 0 13 c m - 2 &.± ttezx?^ wmisam&mitr 

30 [004 2] *»W#e>tt, W^SroM*. ^*J«fcU5-> 
[004 3] 01 3*5 XVm 1 4 {-H®^^m<75— 

-To - coHgtr-fflv ^cW^tt^Tro «fc 5 LTf^fig L 
fco ->y=>'l>K'^*M^J§:$7nmro|^-(b^ (v- 
y a^BMUB Sr^Lfcft. ±«aiMlfUR«r9 5 O'C 

40 [0044] iWC % -hKWB|.SrfflV^T 2«BroaMkS» 

So r ro^t^Sli, 9 0 01C, 30£\ 13kPa© 

<»m&13* (st-yv5%) Sr^ALT, ±KWbHc#L 

9 0 0t;, 3 0^ 1 3 0 P a <D^t=T-fTofco 
50 [004 5] rtui=.<73^k«!;SiSJS$:tV7t^|S|-W^-^ 



7 

$-fxi7 7 4jV%:^ S IMS#WTW^TJt«Ui (S 

/Co ) 

01 3 d^^^T^b^^To7t#^cDS I MS CO 

mi 4itt*>'km£<Dmt&#x-vmiMm 
[0 0 4 6] r^e>^ia^e>. ^-^vsrffli^fcs&ftfflia 

[0 0 4 7] 7y?-70ftfc!) wmU&M (N 2 
O) SWfcSHf (NO) Srffl^TS'y =VBWfe« 

«fn«*s«ALfc»*. ->y =• >»faiif roMwa 

[0048] -/^ vSHSfui«>ft*? •? v-y 

t>, ->y =-^t^tfo*BffiiM^»^^5«« : {c^ 

[0 0 4 9] im^I/j^, *«flstelcj:-5^y a 
[N] / ( CO] + [N] ) j4*0%J:9t>ii5< 10 0% 
[0 0 5 0] £P>(C, £Lh<wa*H, ^yVcOf^fct) 

[oo5i] iir% mm^vtiML -^7^mtm 

[0 0 5 2] **S>ffl£7*u±x\astfZ>3=ii:ffl[& 
[0 0 5 3] Lfc^oT, *3g9§cD<fc5K> -fciBUfcJ: 
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^B^T^fcSrfTxtf, v-y 3^*5 < fct^5g^-g-t f J6 
[0054] *«^«t^T^*V^«B»«>l6|ft 

10 

[0 0 5 5] ifc, _hE^2roH6<jSr^1-Sfcit>{- % 
Igiv BftEJfci&filSry y^ , v7^j3«tU!3i3'5 L ^Sr 

20 at. wns^^Mb^tif^^-^&emasyiDXMJ-te^ 
[0056] ttmttZ¥&fmm<nK6&m<ox. <? 

ftftWftfll^tLTli, «Tro (1) ~ (3) (DWiJfe 

[0057] ( 1 ) ame^ — ^^j&i-sxs^fc 
v ftiiiaaaDx^w^®asisttj ^ ± 5 {csijia&» 
y f-^y u swe-> y 3 ^mivm<ommmvfi&iy 
y 3>*fiawcaQfr*-5xa«>ife^ innes'y3>sMfc 

30 «W^5t«IIW««v««'SrBte6-r«rt-Tf. DtnBtt 

[0 0 5 8] (2) Hffie^flgtt, Sbtv-iJayK 
^UKSr^*, *>oMIE->y =» J^MtBtttdmE^y 3^ 

[0059] (3) memoTMte, y—bmmtti: 

[0060] ^ipw-fcoffifcteifttf, S»9^*/i- 

s-rsrtT?8oo < c^T^>i&a-e, ->y3^^bigiro 

[0 0 6 1 ] 01 7*3«fctjqai 8f±, ^:<^rt$r^rr^ 
ttfbHKc Y'^-fWm (0 2 ) ^.t^-ftaie:^"/^ 

(o 3 ) Srffl^fcBWkjWfefcitJSWbsttfc^ya^a 

[006 2] JblE^^«3t^WT(7>«t 5 Ic UT^figL. 
50 fe,, -r**>*>, ^ya^Sffi-hti/yaVim TE 
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^vS«tDdbg|5, ~>V=>^[M, TEOSSWUR&* 

[0 0 6 3] K-fbSKK^SSBf* (10%) SrffiVfc 
SMb*ifeTJ±, lOOOt, Hftfci*m&6 9 

VBWWEWMWtt 1 5 nmT-feofco 8Mb 
Sf^y^ (#JEEl 33. 322Pa = lTorr) & 

2 4 o^t ufc, ^^msL^mm^^L 

[0 0 6 4] 01 7*i«fcuqgi 8 0^5., Kv^gg&S: 

mittrmx-te, isy= z^w&xtmm & -> y =■ >mc 

[0 0 6 5] UfaJSoT, at-^>'*fcJig!S(f7v ? */i'S: 

[0 0 6 6] S i N>-<^— ^Sr^Ky v^y =i^(D^->^ 

v^^j£tt«r*y ->y 3>ME©**t J: 9 t+^(cjg<-rs 
rir^T'#5fc4t>, S i N'<f—>'<om£iiM<X8( 
tfo S i N/^^— V<7)^roiie>o#|±+^ 

[0 0 6 7] 

mmnmjfcmm] sit. mm^m^^b^mm 

[006 8] *»WO|fe«»<«SrlSHW-*«[l^ *3gfE 

9 2 wftb 9 m» ->y a ^BtittUR* fctts^y = 

[0 0 6 9] 015tC s , SM(DTSkS.-fu-7 7 4^<D^^ 

9 s^swi^wjB^a^s^-r. 0 c k Mimtia 

[0 0 7 0] #y v-y =>>-jgS9 3WT«c:#&-r-5->y = 
>KM9 5li #y e^y =>tt9 3a>T*ttfclMfc 

5tfy ->y =>^9 3©Tifittaw?A*»)»dSf-MJ-i:«: 
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•So 

[0071] i rT\ ->y avSHtflsBI 9 5 *P £>S^& 

s^S5v^*a- % wctfy 5"y = >*9 3«©->y =*>^ 

ii!?93 ©T*sww«?BWk!»ii** < *sfc«>, * y ->y =• 
>«9 3<oT«»Bi«SMI:fl(rJ; "? "b&oTy^icftoT 

L4 5 (015 (b) , 015 (c) ) „ 

[0 0 7 2] rcoj:5^^(i> v-y =^>-a-ft;ffi?9 5 

f WfflflMW*, tfl> 3tW» 5X1 

10 0 13 c- 2 m£JLh, &5V>f±jKy ~>y ayl9 3i£^COv- 
y =>Vg^tf&9 5?<?>ft*iB/$lt [N] / ( [O] + 

Cn] ) a* i %£JU=-ejK3F&<e<s. 

[0 0 7 3] v-y =ySg9 \<D±\Zjf&tZ>i/ 

y = Vgl^Ug 9 511 f /!)a 9 1 CD*® {C^t 

[0 0 7 4] rrX\ ixy 3>|gftg9 5tp£D^S 

#W85v>»fi\ ^v-y^^s^giffiUcov-yn^a 

20 fl2»i**>5e<*afcii>, #ys'y=j>gi9 3©T«BBi 
v-y =»>-siS9 1 £©E»±i&&se>*< (0 1 

5) „ 

[0075] rcDip^flr-a-n ->y=>>^b^9 5 
f»0>tt*»*8*, ixy 3>SS9 l tw#®(c:5 x i o 
13 c - 2 m£J.±, V Mi v- y a 9 1 ifi^co v- D => 
>^-ft^9 5^CO^*U5gtt [N] / ( CO] + 

cn] ) asi%eiLh-«j»fcjSca. 

[0 0 7 6] — d<y->y 3WiJDX^{C, ^ 

30 rv^si. v-y =>>^{k^9 5*— ^•fk^Jtt^jn 

(01 5 (b) , 01 5 (c) ) „ 

[0077] i^uiJzE^fcPnmi. 010 {-^r<t 5 
[0078] (mi <D$mmm) 0 1 ^mcomi 

[0 0 7 9] 01 (a) (orrripfc, v/Jlay 

a«i o¥«fctt±»f e>*vfc«ffilc!l!BMlsft-t?ff * 3 n 
40 m©'>y avSMtaBt (=FH^) ?r^b, ISEV-t— Kfk; 
ft* (NO) #H»"CKM!BffiS:ffV\ ±IE v- y => 

^(OSS#fflffi!|{- 5 X 1 0 14 c m- 2 Og?H &ajA LT^ 

[0 0 8 0] 01 (b) JW^i: b 

T^-/v'7>'^fflV^cLPCVDife{c: < tl9. Slaves 
^•ft^2_h{c:Ji:^ 15 0 nm©7> K— ^CD/Ky i/JJa 

\zb'~ /^VKtLTjKnv (B) SM'^ftA-f £r t 

50 SrAM-rs,, 
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[00 8 1] - r X\ F—;<^ F<7>igAf±, iSftteifciSSr 
(P) , (As) §©Kt-4ffll^t>6^. * 

[0 0 8 21 zfetc, 01 (c) (-^r<t5<-, ^Kyv-y 
PV^-=ymriiaoT> y— 

[0 0 8 3] 01 (d) lC7frr£?\^ h 

^-y4Srv^^iLTfflV\ tfV is}) = v|g|3 £ K 
^f^s/f^yf-i?)^— =>^LT, y— h«ffi3 

£Bfcfe-f£o rogL J^^^jQ^ffcJFrtlci^y 
1 fct*A-*-«. 

[0084] mm^y^skn^^ic^^tst 

m&m&ifz. (^-y^5%) ^al^5j, 900 
t\ 10^ 1 30Paro*ftT?f^a4rm\ iai 

(e) ic^-ri^fc, y— hSffi 3 cr>gB (ffljffi, -b 
ffii) fc'i^v-y ^yKIM MfiWR) 2c75^& 

Uralsk mmcDSJ&T'tt C5Kf7 i^&Mc £ <9 

-So 

[00 8 5] r r T\ {ftfifef&BEs roBSl¥}±, y- h®H 
3©flMeaJ-e5nm8Mti:*a. ttttfbOSMtfi 

»i, ;>y 3^KM^2^(D^(73JK^I^^, 
y- hm«3 roT*^roft**S^# < U *>ofi^ 

p^-rcov-y ^ismm.i\^2<Dxm&&*^m\zT 

9 0 o t cjy.±<D^i&4SM^Lv\ 

[00 86] SWbEEfett, 9WfSftn**lsiyk 

[0087]f & 01 (f) t*t<t5iw y-h 
m^3 Sr-v^tcfflvvC K— K*r»K«®fc^2t-^ 
i£Af- <fc 9 SA LfcSL --^feic £ ►> K— ' < 

OS h^Vi^^^-TSo 
[0 0 8 8] 132 (a) **M0g*«>3Wfclc i 9 

fi&c^T 5 x i o i3 c m- 2 &>±$>zm&. mm#*& 

H*T«!M;«rfT5 i ti&lE&W) .015 (a) fc* 
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^ffi3COT4SKBifi^*5<tU j y— f-®@&*f!WcOy— h- 

$m?S2 +<oimwitmu 1 

[0089] -t (Oi|$* x y— h ^® 3 COTffigProfl^tfcJS 
«£i:<t>fc\ -7*- K®@3coT«gBi: V-^. 

4fi 3 <DTVm&£X}y — */ h* W 6 alt***!* 

10 [0090] 0 1 (e ) roigfli, 

■rntf» ®2 (b) ic^rripf^ mm<nm£<D'&mih 

[00 9 1] St>JC*fc, ^i^g^v^M^ffl^ 

(y- h$fe^Bt) 2«t»«>Mws«(ir*-4riaJa*L< 

20 i «I^.M3BK<oMttK: «fc S ^ ^ y 7WMi<D& 

if, awroaasRA^n-t^sriamTh.Hf, 02 ( c ) 
[0092] mi (a) coxmx-, 7Ky->y=^ 

1^3 £v<*— sj'^.SBHc, v-y a^g^^2*-C 
30 ^5,^^^TV>^«^-K) % y— hM«3CDTSSSl5ja 

•^roffi7cia^ig2 (d) j-^-r,, gf, gmmte&m<?> 

ofc#& (^JKSW) ^016 (a) titiRUT. 

t, v- y 3 ^^b© 2 cpw^ y ^ 1 <7>±m^& 

40 [0093] il (a) cDXST*li, IRiSffbaK (^0 

^-^■fbS*#ia«,q : >T-^SL.Tv'y =*>mmt 

Bt2Sr}g(SLfca^ £E@?^* (N 2 O) #ffl^tf># 

ffl^Ti^^a-t-s^-roj; 5 ->y 
[0094] l^^b^^r^^r (nh 3 ) # 

ffl^T-^ai-s^roi 5 ->y ^^^tK^ 

50 -5, 
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[o.o95] m 2 <7>mw&®) m 3 ti, *&w?>m 2 

[0 0 9 6] *-f, 03 (a) fc:*?\fc5fc, v'U^V 
HOESfll £IGRfiffl£ttlRi|iEjftJt CN] 

/ ( co] + [n] ) <D\?—>?mm\o%tt£Z>£.o 

3 V'SfiHUR 1 2 Sr^jSTSo i/V a vifffifUR 1 
2<DJ8IXffiffl!l (g*£#SfliJ) £JK$SM££$iBJ&lt 
CN] / ( CO] + CN] ) rof— ^ttfctti 0%i* 

[0 0 9 7] flcK\ 03 (b) fcijrfj; 5 fc, JSCfi-i L 
T^ey v-5 zsk 7 -f ^SrJBi^fc L P C VD&tc J; 

-5, U ^3* K— T'^tlfcS:^ 15 0 nm<Dmg&i(Dtfy 

^vKSrfflv-Ctftv. ±E K—^V' K©*AHu 
[0 0 9 8] rrot, 03 (b) \zjM-£5ic^ 

[0 0 9 9] 0*14^1/-^ V'Sr*-* 

^iLT»\ 03 (c) Jc*fJ:5fc, iSIl5, 
WHfflif&itlSI 1 4. *y->yaygl SSrK^^y*- 

[0100] y^e— h^x-r^t^rti-c/y =■ 
tfS<b, 9 0 0t< 1 0$h 1 3 0 P a oa^t-cfsw&as: 

n?^kx\ 03 (d) i^^j; 5 id. #y v-y^vig 
mmf— h mm) 1 3 «?mks «s i y => vgtewt 

[01 0 1] SBMbtiti 6©DWtt» zKy^y 

>JSI (»jfi^~ 1 3 ©flMBBT? 1 0 n mgS 

(hv^Hfi|»BD 1 2?cDra<DJKllB^&n«, » 

[0102] MHP^— htt« 1 5 & Y~-f h ->V 
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£ v- y => UBBSto i 5 JOMBWfctf LT>< y Tt££ 

[0103] ^Sv-yf-'f rateroA*ttft:$rH] 

$!lL.fcV">i:#li, I^CVD'>!) =">®tffcl»3?(E>«fc 5 
ic, &JR •> y -SM" KM&frBf k h £ Ttf S J; ? ftR 

[0 10 4] 03 (e) fc^-r«fc5lC, ftW</- 

10 sl-yftAC <fc 9 3$ A Lfcfc. 7 >77~-;um\z «fc ■) K 

T, MOS h7>"^^^^t^ 

[o i o 5] 04 (a) ic x xmrntmcottincxy. 

[0106] r^iSy— h«® 1 3jfi^*3<tl5->y 

«i iifi»0'>y =>v^Yt^i 2tpnwmmm.it 

20 CN] / ( [O] + CN] ) & 1 %6U: 

3V^»H»-«ttfcft:S:fT5i: (ffelEWtt» « 015 

(b) I^Lfc<t5WKoTL^ 9c w^(->EtL 
X, SW7^*/i'**tf»H«-Cfft«fl:U 
Tl^©T\ ->y nvg^fkiei 2^(75S2I<7 , — 

[oio7] ^co^ N m&f— hmm 1 3 roTs^co 
ft^^iy^jJnySfii itfv<-xtr— ^g^t 

30 roitfT<-<fcoT, )^iSy-hm®l 3(75T4SgP*5J:t^y 

y- 1 3 ©TiesBBflKD s^ya ^ttstiUR 1 2 

[0 10 8] nt*3. 0 3 (d) ©IgTIt 
40 Origin LTfcSv\ 

[0 109] §5>f^A: % *^y&m7i?*^*:m\>^ 

7c«kT*^y- 1 3 C0T««iffl^»->y 

[0110] sfc, 03 (c) roxet?. ^y ->y 

Ml 3^^-=>-^-rs^c. i/yayj(Wi itv 
50 ffieBi£^i£7C0$:04 (b) 0=k iSWtAM: 
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[0111] mm#x&mm.-?&miki,±.w& mx& 
m <Dm i6 (b) bitm^x, ^mxa. mtv^ 

BBIftffl (h^/MBWHD 1 2 <f><o£K*Bffl£lK£ 

y— i»«as 1 3 coT«sgp*5 => ^mm. 1 1 wjbffi 

[0 112] froM, r?i£y- ME4E1 3 coTiftgMs 
y =« vffe£<k!BS ( h l 2 roXBM 

[0113] ms<o9smm *»w»jg3ro 

^^mm^m^^tcm^^^xmm-r^o ^hjs 

[0 114]if, II (a) (c^fj; 5 

7>i7y^7»^LPCVD£t\ ?— 
mt LTWff * 3nm©">!)3 ^SEfldBt 2 ' SigfiW- 

[0 115] ifcfc. Jjp^fi; lT^/'>7^ffiV^LP 
CVDmzXV^ x/V^^W.i\M2* ±|cSSl50n 

TV K— 7<Dtf!) 3 VJBSte K— ^V LT*n v 

(b) ^tyiUt^riiaoT, 01 (b) 

[0 116] r CT\ K-^V K<0*Att. ?Ktf£1IH££ 
(P) , SI* (As) *coK-#— Srfflv^TtAv^ _h|B 
VMi»BHfc<0« (7Ky^y=3^«|3Sr»IXLfca) icf? 

[0117] 01 (c) M^-r<t5t-, ^Ky^y 

[0 118] Wc, HI (d) lc^r?-<J; 5 (C N Ui?* h 

[0119] ? ^y^mjj^co^c^mitfp^c 
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mm 5 0%) Sr«Ab&36Sfe. 9 0 0t, 10 
fj\ 6 5 0 P aO^"CJR«yaSrfT5w 01 
(e) |C*i-£5i^ y~hm®3<^® ({JUJffi, ± 

il* i:** i: to®ST^ ££BBK9 v^/Mc J; 9 ff toft 

'So 

[0120] SStftiK 5 cojgSPii, 5/!)3 1 JbT- 
4nnu y— hmM3<Dtim$f>X5nmm&bt!:Z c d 

io <B8a*ffc»BWUHaa±, ->y =>>^i{t;)K2tpcDS*co 

[0121] gtfbK^li, ^i*^i©SJCf 
#HM^W3}-y>'j5S^SL^V>«t 5i-> 1 k P a tATcD 

[0 12 2)111;, @i (f) y-K 
20 mM.3 ^x^|cfflv>t K— 'O' hSrl&fiKafffiJrW^-V 

oxm^L.t£^mfflmm, ^mmm^m^x, m 
[oi 2 3] 05 (a) fc N *mmm<Djjm\z. x<om 

30 ©f, y-hi^K (v/U^IMl 2"CD5*>. y 
- HWI3 ©T«fSBft»*iJ:V^— hm^^S^rogB 
W.m&RmU ■WfcRffiiHWTLT, Waif 

[0 12 4]t««, * Mftltgl (S/!l3>« 

{U© 2' «)|fcas&«Jt*r.i:T?, </- hSS3(OT^ 

(ffetffldff) cWBtt (015 (c) tCTSUtim) irtt 

[0125] y- hm® 3coT4ffigUcofl^s 

40 y-hm®30T4Sg|Ji:y-^ 

/ km >w&6 k<DWi<D$m.-fr&< iot, y- 
m 3 oT«wsfe j: vy— ^/ km >-««6 <om>mm 

[0126] ^«C*3, 01 (e) roiSTtt, ^^b^ffl 
^rro«^^tB«««MfeflM»biiS 0 ^-y>- 
50 tf, 05 (b) K7Frt£?\C, 3rS©I^rott«5 
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[0 12 7] £fclc*fc, '&mbV?-\*nm3<DTi& 

if. mftnmmmA^ti-tx&mjrttitf. 05 u) 
[oi28]jfc, 01 (d) cozDg-e, zxyv-yn^ 

fi£wifc*:0&0 5 (d) iCTrrTo 0*. ^gUJi^ro 

[0129] &&mix-&zmitfxmm<px'<n'&m 
it (01 6 (c) ) iJteuTs *»w-eiiS8S5v?* 

sobe w-hwmm 2' ^<oaaw j ««u swta* 

— h MS 3 (DTSSSPro^* •? JBtfbMMR;:* -5. -t 

y— hmM 3 oT4Sgm3<to t y — ^/ k v~r >m& 

[0 13 0] 4fc, *mmmX'\^ Y=7A^y^if 
T-IiliLfcv'D^ytfbR (y—MfiWK) 2' £3fe£ 
lOMbbfcfc* * 6fcBWk*ft»tfci6S» 0 5 (e) IZtf 

-rx. 5 tfii w— vmmm 2 • cosa^ 

So 

[0131] ^^(Dfm^^mwmxmkvc^tzM 

(sis (c) ) ttttSL-c y— 
s 3 ©Tsawmroifft .toM^ y- h m 

ft Sit, STF-wlfilWHtt^lSUtf a. 

[0132] *seBK»©^y ^ (y- h&R 

fcLPCVDfeti?fi£Lfc^ ^Xvlfc^ JVD 
(Jet Vapor Deposition ) ^OD^ro^^-efl^LT 

t. ra*o#a*a*#&;h,«. *fc» s^y a^atfu* (</ 
[0133] (#4 <Dnffi&m) 0 6 ii, ^wmn 4 

[0 13 4] ^-f, 06 (a) MOS h 

lrffofci'!J3ySS2 1 O^MJc, ?— YWm&h L 
TcOJ5^ 5 nm©y!) a ^»tJ8S2 2 ^ftJCDf^-ffc; 
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/^^-e^^rSo ft^K-f>^lt 5 0k 

e 3 x i o 19 c m - 2 co# : #-rM' ir^^Km\z. J: 9 g 

K-^ h**H*flrt-«fci{>©r=-^*r«A.tf 1 0 5 
01C, 2 O^^-CfTPo 

[0 13 5] 0 6 (a) J; 5 ">y =V 

®^fcJBS2 2±(C^— HgtiiSfJ 1 5 0 nm(7?7K 

y ->y =>>-^2 3£cvDffiT?ifgfiLfcgL #y->y=i 

>-^2 3$r^ix^>'^'-t-S^(73^'^^ i LTCDS i N->* 
10 * — ^2 4 £&£Jf:£ 1 0 0 nmCOv-y a ^{blttS:^ 
y ->y 3^R2 3±^CVDffi-Clt»1--5o 

[0136] 06 (a) K**\fc5fc\ y 

g^BSrfflVT, *f3S§/hj»i|6 (lOOnm) CD-^ 
— hl/v 5 ^ h-"?;?— >- (0^L#l^) fc-kfev-y =>>^ 
^tRhJc^L, itx.^^.i7lc:LT±IE->y =>>-ffit; 

[0137] ±iay- h u-^ ^srK^ 
20 ^rti^y^t^irc'ts-a-Tyx (ty>-io 

%) lrSALWf)> 8 5 0^C, 2mm. lOOPa© 
&{*T'm4k®m&fti<\ 06 (b) \C7Mr£?>\^ Si 
N^<^— ^2 4<7>Stti*®(-J?:$ 1 0 nmO'>!) 

•ft^2 5^^rT5o rcoi:§\ *ry->yn^2 3<o 
[0138] jyy =>^YbltroSMl^Wtt«W 3 «>a3lw* 
ro^sti® t v- y a 2"ttfHK 2 5 (nmm&mte. 

L<^-5 0 rtKciJ;'?, S i N'<?— >2 4co*ili±g|5 
30 T-8 0nmi:&<9, y yj/^^^— »|g^;§rjBx.fcMa 
^X(7?S i N^*^— >-2 4/$S#?>*V5. ^*5, S iN 

y ^_^2 4wTgpii, mm(Dm&*%x*mmg.& 

S< -tcofc^ S i ^^-^2 4 WTgBGOitgfi 
8 5 nmt45, 

[0 13 91^(^06 (c) ic^-TJ;5(^ v'JJny 
5Sr#7j/BWSttrBteSU*:fS, S i N/^— 
y2 4?rv^^|;LT, ^y ->y 3 SrR I E& 

-^^j/^Vi/L, *S8 5 nm<D?~- bmM2 Z&Mffct 
S„ r<DgL S i NX^-y 2 4 J: y yKStt*it 
40 So avStt^Ui (^-httWBD 2 2 

[0 140] J!fc(^ 06 (d) l-7Kf-<fc5l-> 8 5 0t 

«>autt?3isafc{b*m\ he* 5 nmrow«2 6 

y=yS«2 1, ■>y3y^Hti2 2* < fct)!y-hg 
[0141] i^lc 06 (d) OK, ?— bm, 



«23^^^ICLT, lOkeV, 5X10 14 c 



m 



^">-Sr^-fk^2 6^ilbT&K^ffi^SAb^:^ 8 
50 0 Ot:, 1 0»«WWK-v OhSr?Sti{trSfc*co 
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[0 1 4 2] 06 (e) \ZiMr£5\£. 1M 

yl^xs- f-2 8 t*SJ¥* 5 0 nmCDv-y -alsWc 

8P0>flMBd1M K^-/^^-f 2 8 ^t^o f- 10 
4 K9d~y^-<— f-2 8 09tt_b(9Ji:^fi, I5ff5 0n 

[0143] 06 (e) (CTKf £ 5>f-> 60k e 

V. 5 X 1 0 15 c m~ 2 <D3M$X^ X-^&Am^X 9 *fg 

/wSrffil^ff 1 0 0 0<C, 1 0#co^4=^t5 r£T\ y 

6 0 20 

10144] &fc\ 06 ( f ) d^r<t 5 d. em lt 

So 

[0 14 5] 06 (g) M^-<fc 5 0 0 

<€. 6 0#CDT--VK 7 7 0t, 3 0&^7^;^ 
TC^ (2»«T=— /uSrfT^) . y-hSi2 3fc 

y**f KM 3 1 SrJgjSLfc^ *®S<^3^uMBi3 0 
S:^*-r^o 30 

[0146] ^<osl ^»c^flf-e % ^ife^^^ 

Sr?K£ U y— hBISISdS 8 5 n m<OlSWf->f XcOMO 
[0 14 7] *^SBKffi-Cf^ TKy S/y 3yf2 3S:x 

5/^^-rs8R^^^tuT. *y^y a^iR2 3»c 

5S iN^-V2 4S:fflV^5 0 ^(Dfcfr, SiN 
^ — >2 4CDTX^ Httti«<*ib^\ *^>fc 
#\ ^- hWM 2 3 £^tt_b 9 JlDIJBtt©tf&o* 
dfi«"C#*c $&d, SiN^-y2 4^#Mi 40 

[0 14 8] S i NT'** — V2 4 <7>&f 

[oi4 9] *e>t^ ^-✓>»Hft*-ewiMUi, ^7 
mmtm 2 2tt^x-^^— ^«rs»t*v^cot?, y 



[0150] me>^ja*tt, ^^BftoiwtfciK 

[0151] (ft 5 OlOB&ffi) m4<Dnffi&MX~7F$ 

MOS h9^^^tOSBg*Sdol^TlftW"r5o 
[0 15 2] 0 7 (a) d7j^J:5d, MOS h 

£ JfS 4 (DnffiMM k mmzfro fc^5a yg« 4 1 (O^ 

IK 4 2Sr4>*P^CVD&t^^i-« 0 

[0 15 3] 0 7(a) (OTt^ptC, S^y ^> 

aitlR4 2±|C^- hWStfcSffi* 1 0 0 nm(0*!J 
v'y^>'K4 3^CVDi£t«U SE>W$100 

#y^y=3vi«4 3, ^>-^x^^jg4 4Sr^y ^m. 

fc&^y^ls#tt&(D% i N^-yift«ff* 1 5 
0 nm^y =>^1M4 5S:CVDife-Ci*t-5o ^ 
r T\ TKy ->y 3 SHE«ttffrra*:»<0 ^< 

vhco^Aii, 4^y v-y n>-iK4 3<ofiHRiH^ T^y 

y =" 4 3 %Wsjmxmm 4 3 (omn^n 5 ffir. * 

4 VMilftlWtwa (*y^3 >-JK4 3 Sr*niLft:«) 

[0 15 4] 0 7 (b) (^J:5^ y 
:7^&fl?£rfflvvt\ ti^a/J^I (10 0nm) 

vX^iaTy'U =3>-^t^4 5<7)*®£rl 0 0 nmfc 

4 5(OJBB»i5 0nmtfeSo 

^S:Bft*U =i>gtg4 lSry^-h:/9X 

[0155] Jfcd. y h^9X^tt-fbPrtd«*9 
^*;^ALft*?) % 9 0 0t, 10^, 10 0Pa 

^*frT^fes^m\ 07 (c) d^-r^pd, v-y 

[0156] v-y =i^»ti^iMh^ttiWto«as 

castes £ y =« ^^bJK 4 6 (7>^ffifi:Sti. 
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a. 

[0 15 7] Zfcfc, 0 7 (d) fc*f<fc v^y 

9—ls^<nmfflD*s}) = >&AM4 5«r|&SLT, S 
i N/^»y^Kf^ 0 UtOi:^ SSofc^y^K 

[0 15 8] JJcK, 0 7 (e) \C7frf£ 5*-, S i 

y nyg4 3£R I Effi-CJpJk^s'^^L^ TKy^y 
^yl4 3 ir^^^7 t ^l»4 4<OSWBR^ej*SsKy 

So 

[0159] rco^coxsti. m4(Dmmmmtmm(o 

BttLT^^^-r^KSrfflv^fc^yf-^ K«JfiS:«r 
U hmffi4B2* 8 5 n mtf>»*BlJ--f XcOMO Sh7 

[0160] &$gstiMi&\£&tit£, wftifcs i 
^^^afc»<7>^y=i>«^ti*4 5coB^xe (0 

7 (c) ) fcfcvvt\ ^^^-7 t ^|R4 4tt5xy =i>ffl 

[oi6i] (^eco^ffi^M) mA<D$atHm. ms 

W^BLT, S i N^-vcoSyHMi; 9 

[0 16 2] Si\ 08 (a) «C*rf<fc MOSh 

Srffofc^y =*>«tE5 iconic. NJtStSIBiiL 
T<OJi:£ 5 nm(^)i/i) =i Vg^fblKS 2*3ct^— 
ttt&affSl 5 0nm^y^y=»yi5 3&:4>£ptO 
CVDi£T«t6o 

[0163] _bfE^^ K-t'y^l 1 5 0 k e 
V N 3 X 1 0 19 c m- 2 <0*#T*-Y tvaASi- X 9 

K»^> h i: LTtJn £*>r shV-Sr^A Lfc&. K 
— h&?Stt{trSfc*<OT^— /uS:fif»Jx.ri 1 0 5 0 
U 2 08«o*ft=-CfT5o 4fc* 7Ky v-y =xv«5 3£ 

ffiSgK-ftrafcfecohw^^h^aiAtt. ^y^y^ 

[0 16 4] 08 (a) {C*-*\fc5l^ *tfy ^y 
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0 0 nm^S/y ^>mi\M5 5 SrCVDft-fflE*t5 0 

->y =>«'fbiR5 4*5j:tJ«^y =^2{biR5 5ti, -en 
•eru ^y^ya^flisssr^y^v^t-aBR^^^ 

LTcOS i 0 2 /^^fci^S i N^->i4 

[0 16 5] 08 (b) lc*rj-j:5fc, y 
^^-KfSrffl^t, H^^/j^i (lOOnm) coy 
10 -M/^ h/^-y (0^L#v>) 'SrJgj^U ^^4: 

^^^fcL-cv/ya^ftftBtss, ->y^vifti5 4 

&R I E«fet?dBJJC3i^^V^bTx S i 0 2 

iWS i >SrJK^-« 0 Z<Dm, Jiiay-hl/ 

v?* h>><*— ^Sr8fc3£U v-y =>vSfi5 lS:»@S^:y 

^^'fb^rts-figA-r-So 

[0 16 6] ftl:, l^^^y^SCBMbJPrtlii^vtil 
*<^S!B^^f^ (t^l0%) ^SAL4^^ 8 50 
2 Wffi, 1 0 0 P a (O^T1»^&?tV\ 08 
(c) \C7jk-rX^\^ S i 0 2 ^ — >5 4:fo£U<S i 
20 N'** — Zs-ttX? 5 5(Dm^m^^ 1 0 nm0»y 

5 3 <Dmmmm\~ t> y = >wuifi 5 e msrsr * tv5 Q 
[0167] v-y ^>-mm<DmitMfc^*<Dm.mr> 

<E>«ffi&« £ y 3 >-BKbR 5 6 c^Ifilfi, ( 
L<*5 0 w^-ct^, S iN^-y5 5(^)|Slj:8 0 
nmi49, y y^9^Y-^|g^^®^fc^^X 
COS i >-5 5^4f t^tV^o ^bK, S i N^^ 

30 frbte&S iO z s<?—>-5 5T*ffM^tuTV>^7t^, 

[0 16 8] ^{d x 08 (d) tCTjc^J: 0 i/y 
»fl«5 6t#7^»aH^»*i-*o r<Oi#, Si 

o 2 ^^-y 5 4 tbf «5fe^n^^^, TKyv-y 

^>l5 3[ai fg|55 7«^5o 
[0169]^ 08 (e) \C7frr£y\^ s*?—^ 
54, 5 SSr^^^l^bT, *y '>y 3>BI5 3S:R I 
EfeT^^^^L, «8 0nm<^y— h«ffi5 3§rJB 

^i-^o rcot#, /Kye/yny^53(cM^ixfcI 

40 5 7 (Ojp^-C, 5 3 <D±M^ 7^5 8 ttA 

[0170] #ClC. 08 ( f ) \C7frf£ 5(C. Si 

8 5 0 < Ccc«aMkSrm\ ff*5nm(^«fiWt«5 

9Sr->y 3^a«5 i^iu^y-h^is 3co^m^s 

[0171] 08 ( £ ) \Z.7frirX 5 k e 

V , 5 X 1 0 14 c m" 2 (0^{*-C^ ^ySAiSI- <t 0 
50 ^hiUT7^t*l>*>f^?fe«|Majt5 9S:iiU 
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<7>T~— yuSr^il^tf 8 0 0^, l 0&<D3sfr'V?r*> r. i Uoy ^yS«7 l w*Bt:\ h^uffeiit LT 
T\ ^?* : T^i/B >-®W6 Q&Mffc1rZ> a 1 0 nrn^H i'BttftlR 7 2 Sr^^l^-fb 

[0172] ftfc, 08 (f) fc«t\fc5te, 1M K£ /JIWIt3fe-WBrtU SfelO**^— H«*DT/^* 
*—/UX<<—D-6 1 fcftS** 5 0 nmCOv^y =t>^>fb 6Jp;£ 5 0 nm(D^V fl) 3£rv-y 3VBfc*ffc; 

«*rCVD»-e^ffilCiraibfctl, £<D^y 3^bBI J8I7 2±lcCVDffi"tSBRM-a o 

H^^ 7 f /^^r 1 EStx^f y^u im k [0180] w:, 09 (b) i^-tx?^ yyy? 

1 £^/&?-£ 0 K^-vu*^ — SaffSrfllv^T, *^<fcOTOI»flMMSIS« (10 0 

— f-6 1 (D{±±i9m£&, ffi5 0nmtW o n m) W huyf U^X h/^-y (07^L&1>) 

[0 17 3] SJctc, 08 (f) \z.7Kt£?\^ 6 0k e 10 yyynyl7 3±«U rjxSr^-X^ t LT*y 
V, 5 X l 0 15 c m" 2 (D*fr W t^ffiic: J: 0 K- yy^yK7 3, i/V *>&&<flg&7 2 . ^y^gs 
^^hir uratSf^^SrS^ffiSsJ:^— hm«3 7 i^ri EffiKipxy^tt, 

"^Jitf 1 o o ox:, 1 Ofp<D0kWX+n?Z.kX\ is* Y'^—^&W^Xfi^h, i:E h U-C^SrSR-^ 

hmms 3(OSKS:T^ Si i fcfc, y— Kl/ 8S«fe*IU8lfc LT<OS/y 3^iWbBt7 

>T 6 2 £:^/&1-£o [0181] JrlE h l^^OfflaWi^tt. v-y =a Z^fiWb 

[0174] &fC N 08 (g) M*?\fc5»^ RttiLT IR7 4S:CVDffi"C^ffi^lifflU M^>^SS<O^S 

V^««BWI«5 9^*7^a«^T8fe*U £EfOf:£ &^y=3>-SWttt7 4S:CMP (Chemical Mechanical 

lOnmO^HR (^FI2*) &A'<y#mrmi$L Polishing) Sregfefet^ ^ t Ttf? 5o ^raSfcv-y =>- 
U 5 0 0t:, 6 0f>(7)7^;K 7 7 0t, 3 09<O 20 gtffc$l7 4 CD|5fc*S:CMPffi-CfT 5 w t T?EH$fc*EeD 

-hl®5 3*5j:(;y-VKwyi«6 2<7>±a;^ [0182] (29 (c) tc^t-j;?^ SiSy— 

^hy!/t^Ki6 3«t^ Q -t^, haffi<^_bJli:ft«*$8 0 nmcoy ^ K— ^h^Ky *> 

(D^sVUhm&ft&rtZo ZZX\ h«ffi5 3 0Xk y =3^JK7 5SrCVDft"e^ffit^«MlLfc^ yvK- 

SfSldJK^Sixfca^h v-y^ KM 6 31*, y-hm yW-yyayR? 5lldfJ8 0nm^!)3y8 

W**<Wc (BIT. SiN^^-^ir^5) 7 6&180kt& 9 ZCO 

[0175] *co^. ^wcosaw-e, mmmmm^m *>y =*>*tE7 i t«ffl^<^^»ftaFrtfc«Af 

U hBffiK** 8 5 n m<DMO S b9 Z> Q 
#^ s ^fifef4o 30 [0 18 3] SiN/^-y7 6(i v-y = >^fldBlLk 

[0176] ^mmmxte, hmrnmnm^x? \cm^xrjmm^^mm aoonm) <o^—y^j 

iityy^yiM5 4 (TW) /->y =^«ft«5 * h^-v gfh*) *jr«u ^^^v^^iclt 

5 (±80 (OaHlRSrfflV^-CV^o ^^y^M5 4 v-y ai'SWfcBISrR I Effi«d<t 9iyfym:tt 

ns^y =i>*ft«5 5«fc0 *>ifcfi^<oiaa34sjev\ ^j*i~6 0 v-y nXfaii±ttcvDftT3RRW5. 

flWnfc^— h«ffi*DXffl^^^ Sr^i-Sfcafxo [0184] KtS^^y^SSKbJPrt^^^tK 

»ftXS (08 (c) ) te*5vvr\ KlMBinxffl^ m<r>m&tf* (^10%) ^ALWt, 8 50 

^OT^^rt*^ -ttott*. ^^ft/J^m < C > 2 WW. 1 OOP a<D&Wxmim$:ft?~hX\ 

tmt£<n&M?— bmM%^-t~Z>MOS h5^i/*?& 0 9 (d) \C7rrt£y\^ S i N^<^— V 7 6 *5<tVy 
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